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ABSTRACT 
Construction delays are a global phenomenon. Factors causing construction delays in 
construction projects differ from country to country, due to different prevailing 
conditions. The prevailing conditions that could exert an influence on project delivery 
time are: political, economic, and physical factors as well as level of technological 
development; management style, and construction techniques. The construction 
industry is a major player in the economy, generating both employment and wealth. 
However, many projects experience extensive delays and thereby exceed initial time 
and cost estimates. This study aims at determining the causes of delays in project 
delivery in South Africa; evolving interventions, and developing a model for the delivery 
of projects on time. Inferential  and linear regression statistical tools were used in the 
analysis of data for the study. The sample population consists of architects, builders, 
quantity surveyors, structural engineers, and clients, and the metropolitan cities of five 
provinces constituted the geographical delimitation of the study. The provinces are: 
Eastern Cape; Free State; Gauteng; KwaZulu-Natal, and Western Cape. The 
metropolitan cities are: Bloemfontein; Cape Town; Durban; Johannesburg, and Port 
Elizabeth. 
 
Findings which negatively influence project delivery time in South Africa include the 
following: lack of adequate planning; management style; the lack of constructability 
reviews of designs; inadequate motivation of workers; economic policies; lack of prompt 
payment to contractors, and quality of management during design and construction.  
 
Recommendations include: (1) The introduction of the following courses in built 
environment tertiary education – quality management competences; operational 
planning; design management, and generic management; (2) pre-qualification of 
suppliers; (3) inclusion of the following in tender documentation – human resource 
schedule; plant and equipment schedule; quality assurance plan, and work schedule; 
(4) appointment of materials specialists on a large projects; (5) the model developed 
should be adopted for use in the South African construction industry for the delivery of 
v 
 
projects on time, and (6) the linear regression equation: Y = 13.1159 + 1.1341x or 
35.3% addition on time for the estimation of project delivery time.  
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CHAPTER ONE: INTRODUCTION 
1.1 The South African built environment 
1.1.1 Construction activities in the South African built environment 
Developments in the construction industry are increasing in size, technology 
complexity, interdependencies, and variations in demands from clients. In South 
Africa, the sector that is collectively known as construction is wide and can be 
broadly divided into building and civil sector. Figure 1.1 presents the level of 
construction activity for the industry for the period 2004 to 2009. 
 
 
                         2004          2005       2006        2007        2008        2009 
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Figure 1.1: Level of activity in the South African construction industry 2004-  
                    2009 [South African Reserve Bank (SARB), 2010] 
During this period the South African construction industry was largely supported by 
infrastructure-related work programmes in 2009, as the residential sector 
experienced a recession, and activity in the non-residential building sector stalled 
(SARB, 2010). Employment in the construction sector decreased at an annualised 
rate of 2.7%, following a decrease of 20.4% in the third quarter of the year 2009. 
However, the FNB Building Confidence Index increased marginally in the first 
quarter of 2010 as business confidence improved. The business confidence of 
residential building contractors rose for the third consecutive quarter, whereas the 
business confidence of non-residential building contractors declined over the period. 
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Activity in the residential building sector indicated signs of a gradual recovery from a 
low base, while business conditions in the non-residential sector continued to 
deteriorate due to the scarcity of new projects. 
1.1.2 The built environment contribution to the Gross Domestic Product 
(GDP) 
The contribution of the built environment to the GDP provides an indication of the 
importance of the sector. The GDP reveals the levels of activity of each industry in 
the national economy. The figures of the GDP of each industry represent its 
performance in terms of employment level, economic activity and contribution to 
national development. Stern and Teljeur (2002) declare that, in the last decade, the 
construction and building sector‟s GDP contribution has been relatively low and 
stable: it stood at 3% compared to 4.2% for the agriculture industry and 20% for the 
manufacturing industry. According to the SARB (2010), activity in the construction 
industry expanded further in the first quarter of 2010, but at a slower pace than 
before, as some momentum was lost due to the postponement of various projects, 
and building activity in the residential sector appeared to be limited. As a result of 
these developments, growth in the real value added by the construction sector 
decreased from an annualised rate of 3.6% in the fourth quarter of 2009 to 2.1% in 
the first quarter of 2010. 
Figure 1.2 represents the growth of the construction industry and its contribution to 
the GDP. The industry‟s contribution to the GDP has been between 2 to 5% over the 
past two decades (Khosa, 2000). 
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Figure 1.2 Economic growth versus growth in the South            
                     African construction industry (Khosa, 2000) 
The value-added component of the building sector output to the GDP rose slightly 
from 29% in 1990 to 30.7% in 2001, while the civil sector‟s value-added component 
of construction output rose from 32.1% in 1990 to 39.5% in 2001 (Stern and Teljeur, 
2002). From 1995 until now, investment in construction has been relatively stable. 
When compared with other countries of similar development status, South Africa is 
rated as being on average in terms of the use of construction goods and services. 
The contribution to the gross domestic fixed investment of the building and civil 
sectors as a percentage of the GDP averaged between 7.4% and 5.8% during the 
period 1990 to 2000. 
1.1.3 Performance of the South Africa construction industry 
In most developing countries, the public sector is still the major initiator and buyer of 
construction services in term of infrastructure development and maintenance (Stern 
and Teljeur, 2002).  In 1999, the public sector investment in construction in South 
Africa was 7.49%. 
During the 1960s and 1970s, there was a sharp rise in construction expenditure and 
investment. It was around four times the rate of the GDP. Stern and Teljeur (2002) 
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say that substantial parts of the country‟s infrastructure were developed during the 
1960s and 1970s. 
In spite of a few temporary booms in the 1980s, construction activity has been on a 
steady decline.  There was a severe downturn in the early 1990s, when output fell to 
10% per annum for the years 1991 and 1993. During the second half of the 1990s, 
construction activity stabilised and marked the long-term decline in the industry. 
Construction value-adding has increased compared to the low level of activity in the 
1990s; it has recovered and in 2001 amounted to 81.9% of the 1990 levels (Stern 
and Teljeur, 2002). This resulted in „booms‟ and „busts‟ within the industry in recent 
years, along with a wide range of associated problems, such as potential capacity 
constraints, the greatest of which is availability of experienced managerial and 
professional employees.   
1.2 The problem and its setting 
1.2.1 Introduction 
The inability of the client, his / her representative, and the project team to have a 
comprehensive overview of the construction process from inception to completion is 
a very likely reason for the non-realisation of projected delivery dates. They are also 
unaware of environmental effects on the construction process. This view is 
supported by Sambasivan and Soon (2007), who declare that the problem of delays 
in the construction industry is a global phenomenon. The construction process 
comprises many tasks. Task management, assumes that certainty prevails in 
production. However, it is widely observed that, due to the inherent variability of 
production in construction, the intended task management degenerates into mutual 
adjustment by teams on site (Radosavljevic and Horner, 2002).                                      
Researchers, clients, contractors and professionals are concerned about this 
phenomenon, which results in inefficient production, and delayed projects. It is 
plausible that the phenomenon is a result of not considering the influence of 
stakeholders on a contract, namely: the actions of clients, contractors and 
professionals as they impact on estimated contract duration. Should the 
stakeholders to a contract promptly carry out duties, this will not happen. Even at the 
best of times, continuity of work on building projects could be affected by problems 
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in the decision- making process. The timing of the decisions impacts on the progress 
of the project. In fact, the nature of the construction process is such that it requires 
the timely exchange of appropriate, adequate and accurate information between: the 
client and design teams during the brief / design interface in terms of the brief, 
feasibility studies and sketch plans, and the design and building teams during the 
design / construction interface in terms of the working drawings, schedules, bills of 
quantities and specification.  
The level of competency of a project manager may directly or indirectly affect the 
time it would take to deliver a project. The information flow process determines the 
nature, quality, quantity and timeliness of project execution. A weak link in the 
process, such as a lack of project management competence, could adversely affect 
timely execution / timely completion of projects (Dainty et al., 2003). According to 
Cooke-Davies (2001), project management is a tool for project success; it is people 
who deliver projects and not processes and systems. Effective project management 
is a derivative of competency and authority levels.  In addition to project 
management competence, there are other factors within the control of stakeholders 
that should be taken into account when estimating project delivery time. These 
could, if not properly managed, cause a delay in project delivery. For instance, 
project complexity has an appreciable influence on the time required for design and 
construction. This study is aimed at determining the factors that influences the time 
of a construction project.  
1.2.2 The statement of the problem 
Delay has an adverse effect on the delivery of projects. However, a large number of 
associated problems influence project delivery time performance: clients‟ limited 
understanding of the construction process; inadequate design; poor quality 
management during design and construction; poor ground conditions; poor 
constructability; poor motivation of workers; non-participatory management style and 
adverse physical,  economical, and socio-political factors. 
1.2.3 The sub-problems 
1.2.3.1 Sub-problem 1: Clients have a limited understanding of the 
design, procurement and construction processes, which results in, 
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inter alia, poor briefings and revised requirements. 
1.2.3.2 Sub-problem2: Ground conditions encountered are not exactly like 
that identified during site investigations.  
1.2.3.3 Sub-problem 3: Inadequate design in the form of, inter alia, 
incomplete and late information. 
1.2.3.4 Sub-problem 4: Poor quality management during design and 
construction results in, inter alia, design revisions and reworking. 
1.2.3.5 Sub-problem 5: Designs and detail do not reflect consideration for 
constructability reviews which impede the production rate of 
construction activities. 
1.2.3.6 Sub-problem 6: Poor site access due to narrow roads, traffic 
congestion, limited entrances / exits, poor quality of top soil 
impedes plant and vehicle flow. 
1.2.3.7 Sub-problem 7: Poor management techniques used for planning 
and control of sections of work necessitate re-planning, which 
causes delays. 
1.2.3.8 Sub-problem 8: Ineffective management style, like goals not being 
set, and a non-participatory approach to the execution of work, 
marginalises construction activities. 
1.2.3.9 Sub-problem 9: Inadequate motivation of teams and individuals, 
for example, non-recognition of outstanding performance and non-
commensurate remuneration of workers dampens their morale. 
1.2.3.10 Sub-problem 10: Non-conducive physical environmental factors in 
the form of, inter alia, noise, inclement weather and hazards (fire 
and flood) interrupt construction activities. 
1.2.3.11 Sub-problem 11: Unfavourable economic conditions resulting in 
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the lack of materials, equipment and labour result in decreased 
productivity. 
1.2.3.12 Sub-problem 12: Socio-political factors in the form of strikes, civil 
unrest and environmental concerns disrupt construction work. 
1.2.4  The hypotheses 
1.2.4.1 Hypothesis 1: The client‟s limited understanding of the design, 
procurement, and construction processes negatively affects 
project delivery time 
1.2.4.2 Hypothesis 2: Poor soil conditions negatively affect project 
delivery time. 
1.2.4.3 Hypothesis 3: Inadequate design negatively affects project 
delivery time. 
1.2.4.4 Hypothesis 4: Poor quality management during deign and 
construction negatively affects project delivery time. 
1.2.4.5 Hypothesis 5: Poor constructability negatively affects project 
delivery time. 
1.2.4.6 Hypothesis 6: Poor site access negatively affects project delivery 
time. 
1.2.4.7 Hypothesis 7: Inadequate construction planning and control 
techniques negatively affect project delivery time. 
1.2.4.8 Hypothesis 8: A participatory management style positively affects 
project delivery time. 
1.2.4.9 Hypothesis 9: The degree of motivation positively or negatively 
influences project delivery time. 
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1.2.4.10 Hypothesis 10: Adverse physical environmental factors negatively 
affect project delivery time. 
1.2.4.11 Hypothesis 11: Adverse economic conditions negatively affect 
project delivery time. 
1.2.4.12 Hypothesis 12: Adverse socio-political factors negatively affect 
project delivery time. 
1.2 Definition of Terms 
Table 1.1: Definition of terms 
Term Definition 
Stakeholders Powerful individuals and interest groups having a stake in a 
project (Newcombe, 2003), or discrepant interests in a 
project (Olander and Landin, 2005). 
 
Project delivery Activities of the construction industry which depict 
development, design, packaging, tender awarding, 
constructing, monitoring and completion (Blismas et al., 
2004). 
 
Performance Comparison of actual and estimated output in terms of 
effectiveness, efficiency and quality in terms of both 
workmanship and product (Cox et al., 2003). 
 
Construction process The construction duration from the start of work at the 
construction site until the entire work is completed (Stoy et 
al., 2007).  
 
Process This is defined as any activity or group of activities that 
produce required outputs by taking a variety of inputs and 
adding value from the perspective of an internal or external 
customer (Jeong et al., 2006). 
 
Delay The time overrun either beyond completion date specified in 
a contract, or beyond the date that the parties agreed upon 
for delivery (Assaf and Al-Hejji, 2005). 
 
Coordination This is defined as unifying, harmonising and integrating 
different agencies involved in any industry with multiple 
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objectives (Jha & Iyer, 2005). 
 
Construction briefing The process running throughout the construction project, by 
means of which the client‟s requirements are progressively 
captured and translated into effect (Yu et al., 2007). 
 
Productivity The ratio between total input of resources and total output of 
product. Resource input includes labour, materials, 
equipment and overhead or ratio between earned worked 
hours and expended work hours or work hours used (Hanna 
et al., 2005). Comparison of the output of a production 
process to its corresponding input i.e. the output to input 
ratio in construction it refers to work units completely 
attained during a given period of time and the associated 
cost in terms of man-hours or dollars (Cox et al., 2003). 
 
Performance 
measurement 
The process of determining how successful an organisation 
has been; or whether an individual has attained set 
objectives (Kagioglou et al., 2000).  
 
1.4 Abbreviations used 
CPM – Critical path method 
GCs – General contractors 
SCs – Subcontractors 
MBSA – Master Builders South Africa 
GFA – Ground floor area 
WLS – Weighted least square 
POE – Post-occupancy evaluation 
PPE – Post-project evaluation 
CSFs – Critical success factors 
KPIs – Key performance indicators 
MS – Mean score 
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1.5 The assumptions 
Based upon the problem and sub-problems evolved for the study, the following 
assumptions were drawn: 
 The level of client sophistication and knowledge on building 
construction processes affects project time performance; 
 Consultant competency affects project success. This is in relation to 
cost, quality, and time;  
 The contractor‟s technical capability affects construction time, and 
 Socio-political and environmental factors affect project delivery time. 
1.6 Importance of the study 
Criticism of the construction industry has arisen because of projects that have taken 
a longer time to complete than stipulated. The possible reasons for these are: 
budget overruns; a large number of claims and litigation; technical; social; physical; 
economic, and political factors. A common reason is incompetent supervision of 
unskilled workmen. The best contractor is not always chosen for the project. These 
problems then affect the achievement of objectives, the day-to-day operations and 
the long-term viability of the client‟s organisation. Analysing the factors influencing 
construction time performance (CTP) will indicate more clearly the nature of 
managerial actions which will contribute to the timely delivery of projects and 
alleviate associated problems. 
The consequences of delays in project delivery are grave, ranging from litigation to 
claims and disputes, to outright abandonment of the project. Aibinu and Jagboro 
(2002) support these assertions by declaring that the contribution of the construction 
industry to national economic growth necessitates efforts geared towards improving 
construction efficiency by means of precision and cost-effectiveness. They believe 
that such effort will be beneficial and contribute to cost saving for the country as a 
whole. Time, cost, quality and participant satisfactions have been identified as the 
main criteria in measuring the overall success of construction projects. Al-Moumani 
(2000), Dvir et al. (2003) and Faridi and El-Sayegh (2006) are some of the authors 
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who maintain that cost and time are the most important. They are the visible factors, 
considered critical because of the direct economic implications if they are not met. 
According to Al-Moumani (2000), current construction projects are complex, 
requiring the support of the design and construction profession to complete. A 
realistic project execution time will decrease the possibility of dispute between state 
agencies and contractors. To the clients, delay means loss of revenue through lack 
of productive facilities and rentable space or a dependence on present facilities. For 
the contractor, on the other hand, delay means higher overhead costs because of a 
longer work period, increased material costs as a result of inflation, and labour cost 
increases. These greatly increase the final cost of the project. 
According to Moselhi et al. (2005), change orders are another challenge that 
contractors face. Previously, change orders were identified as having a negative 
impact on construction productivity, leading to a decline in labour efficiency, and a 
sizeable loss of man-hours. Change orders continue to pose a serious challenge to 
the stakeholders in the construction industry. During the early stages of a project, 
clients need an indication of the likely construction period to ascertain the logistical 
and cash flow implications relative to feasibility. At the contract stage, a realistic 
assessment of the project period is needed for insertion in the contract tendering for 
both client and contractor. As the construction phase continues, progress needs to 
be assessed against the targets provided in the contract for contingency planning by 
client and contractor, possible schedule recovering activities and application of 
liquidated damages. All these stages are sensitive to under- or over-estimation of 
construction time needed. 
Another factor that militates against delivery time is a faulty processor design. Fox et 
al. (2003) state that outputs from capable processes conforms to design 
requirements reliably and consistently. Outputs from incapable processes often do 
not conform to design requirements. Ineffective processes can lead to scrap, rework, 
warranty claims, loss of goodwill, and time loss. The capability of processes should 
be assessed during their development. If assessment reveals that a process does 
not achieve the expected outcome, that process should be improved until 
reassessment indicates that it is capable. This proactive approach can radically 
reduce non-conformance and alleviate problems. Furthermore, the success of 
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projects hinges on the efficacy of the project team in managing the process. The 
effectiveness of the project organisation depends on a range of diverse factors such 
as the technology of the project, its size, the project environment, the roles and 
relationships of team members and the degree of management and control. If there 
are no short-comings, delay will be minimised. 
Williams (2003) posits that in recent decades, projects have tended to be more time- 
constrained and the ability to deliver a project quickly is becoming an increasingly 
important element in winning a bid. 
Gardiner and Stewart (2000) quote Morris and Hough (1987) who assert that 
projects were delivered “on time, to budget and at the required quality”, but due to 
the plethora of reports on project overruns, project managers and sponsors really 
just do not believe that any more. Project sponsors claim that it will be a 
conservative estimate to state that approximately 50% of construction projects 
experience time overruns and approximately 63% of all information system projects 
encounter substantial budget overruns, with the value of the overruns “typically 
between 40-200%.” Most projects are eventually completed more or less to 
specification, although they are seldom on time and within budget. It has even been 
suggested that a ‟good rule of thumb‟ is to add a minimum of 50% to the first 
estimate of the budget. These statistics are not ideal for the construction industry 
and causative factors thus need to be identified. 
According to Hammeri and Heikkila (2002), the Standish group scanned more than     
8 000 projects, and compared their anticipated results with the real outcome. Results 
from the study indicate that only 16% of the projects were able to meet the goals set 
in terms of time, budget, and quality. This confirms the need for the study to identify 
the underlying problems contributing to delay. By indicating the nature of their 
impact, a better understanding of factors influencing project delivery time may 
contribute to the timely delivery of projects. Additionally, it is worth noting that in 
South Africa no research has been conducted to identity causes of project delay or 
any predictive model equation formulated that could be directly use for the 
estimation of project delivery time. 
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1.7 The aim and objectives of the study 
1.7.1 Aim 
The aim of the study is to develop a systemic causal model for the delivery of 
projects on time in the South African construction industry. 
1.7.2 Objectives 
There are three main objectives set for this study. These main objectives have sub-
objectives to address the aims of the research. The first objective deals with the 
identification and assessment of factors critical to the sub-problems. The second 
objective is to suggest solutions to the sub-problems while the last objective is to 
develop a model for the delivery of projects on time in the South African construction 
industry. 
1.7.2.1 Objective one - sub-objectives  
i) To identify and assess factors affecting client understanding of the design,      
           procurement and construction processes. 
ii)  To identify the major causes of lack of design coordination. 
iii)  To identify the causes of lack of quality management procedures.  
iv)  To assess the reasons for lack of integration of constructability considerations 
in design. 
v)  To identify reasons for the lack of provision of adequate access roads to site 
for smooth project execution. 
vi)  To investigate the most frequently occurring features inherent to the site and 
the nature of soil. 
vii) To assess reasons for inadequate construction management techniques. 
viii)  To assess reasons for non-participatory management style. 
ix)  To identify motivation type for higher productivity. 
x)  To assess factors that affect project delivery time with respect to physical 
environmental considerations. 
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xi)  To identify factors which affect project delivery stemming from economic 
environment considerations. 
xii)  To assess factors which affect project delivery stemming from socio-political 
environmental considerations. 
1.7.2.2 Objective two - sub-objectives  
i) Evolve interventions to mitigate clients‟ limited understanding of the 
design, procurement, and construction processes. 
ii) Evolve interventions that ensure adequate design at the start of a project. 
iii) Evolve a quality management framework for use during design and 
construction. 
iv) Evolve interventions that assure constructability of the project at the 
design stage. 
v) Evolve interventions that enhance the provision of access roads to site. 
These should be included as part of the contract conditions. 
vi) Identify interventions against cost and time overruns arising from site 
conditions. 
vii) Evolve interventions to reduce poor management techniques. 
viii) Evolve interventions to reduce ineffective management styles. 
ix) Evolve interventions to adequately motivate workers at all levels. 
x) Identify interventions against non conducive physical environmental 
conditions. 
xi) Identify interventions against unfavourable economic environmental 
situations. 
xii) Identify interventions against adverse socio-political circumstances. 
1.7.2.3 Objective number three 
The development of a systemic causal model for the delivery of building projects on 
time in the South African construction Industry. 
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CHAPTER TWO: REVIEW OF RELATED LITERATURE 
This chapter discusses the importance of time management, previous studies on 
delay and develops a framework for the study. 
2.1 Time management of projects 
The unique nature of the construction process presents complexities, uncertainties 
and changing circumstances, which must be accommodated within the planning and 
control system used. Small and large projects comprise a large number of 
interdependent items of work and involve many participants. For this reason reliable 
plans and accurate progress-recording mechanisms become all the more essential 
to project success. The mismanagement of time could have an adverse effect on the 
outcome of the project with respect to cost and quality. The time taken to execute 
the project tasks from inception of site to delivery of the project is known as project 
duration. There are techniques employed in the management of time called 
construction planning tools. Some of these tools include the bar chart, the critical 
path method (CPM), the flow chart, and the line of balance. All of these are used to 
monitor the progress of the work and measure the amount of work done. Time 
control concerns the effort made in adhering to the initial specified time of project. 
The various aspects of projects to be controlled are human resources, materials, 
machine control and maintenance, and the various actions of parties to a contract 
who are the client, consultant, and contractor. These all influence project time 
delivery. 
2.2 Importance of timeous completion of projects 
A project is said to be successful when it is completed within budgeted cost, 
specified quality, stipulated time and delivered safely (Mbamali et al., 2004). There 
has been much dispute and conflict arising from projects not being completed within 
the specified time span. Delays arise owing to detrimental actions of parties in a 
contract. Contributions to delays emanating from the client can include late decision- 
making, late release of funds and changing of the scope. Factors contributed by 
consultants include late instructions, poor dimensional coordination, late approval of 
work, late preparation of interim valuations and certificates for the contractor, as well 
as late inspection and approval of work. On the part of the contractor lack of proper 
planning of work, lack of materials and skilled human resources, poor construction 
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techniques, weather influences as well as labour strikes are potential sources of 
delay. 
The possible consequences of all these actions are increased project cost, late 
delivery of projects and, sometimes, termination of contract. Therefore every effort 
should be made to ensure that parties do not unnecessarily hamper the timeous 
execution of projects. 
2.3 Construction in the economy 
There has been a profound change in the construction industry and practice of 
management by organisations over the past years. The customer-focused 
marketplace and fierce competitive service positioning have demanded attention to 
performance improvement and value addition in delivery. Business process re-
engineering has highlighted the need for dedicated strategic considerations coupled 
with efficient and effective management of organisations. Change appears to have 
become synonymous with emotive exercises in outsourcing, downsizing and 
ubiquitous application of re-engineering. Based on the above assertion the following 
two needs emerged: greater focus on business operations and the drive for quality, 
as well as greater cohesiveness in management, which is needed to accommodate 
more demanding customers in the market place. 
In order to ensure that quality is paramount, and customers are therefore satisfied, 
personnel must be carefully placed and managed. Human resources management 
(HRM) fulfils this role. It has taken over from the traditional personnel management. 
It advocates a holistic approach where personnel matters are given greater attention 
by line managers and are considered with direct reference to the core business 
planning of the organisation. Emphasis is placed on the business objectives and on 
relating these to the performance management of teams and individuals. Bringing 
the efforts of the different business strands together forms the basis of 
organisational systems management. However, as McGeorge and Palmer (2002) 
observe, for many years the construction industry has been criticised for its 
perceived inability to innovate and its slow adoption of new technology and modern 
management methods. 
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2.4 Previous studies 
Several research studies have been conducted in different parts of the world prior to 
the year 2000 with respect to construction delays. Some examined the causes as 
well as the effects of delays in construction project delivery, while others used a 
predictive model to ascertain construction period estimation. Some of the early 
authors who studied the causes of delays are Baldwin and Manthei (1971) in the US; 
Arditi et al. (1985) in Turkey, and Bromilow (1988) in Australia. Others, such as 
Okpala and Aniekwu (1988) and Dlakwa and Culpin (1990) in Nigeria, as well as 
Chan and Kumaraswamy (1997) and Kumaraswamy and Chan (1998) in Hong Kong 
studied the effects of delays in construction. Sullivan and Harris (1986) in the United 
Kingdom, Mezher and Tawil (1998) in Lebanon, Al-Khalil and Al-Ghafly (1999), 
Assaf et al. (1995) in Saudi Arabia, and Ogunlana et al. (1996) in Thailand all 
studied predictive models for estimating construction duration. 
Beginning in the year 2000, a concerted effort has been made all over the world to 
determine remedies to the issues of project delays. Authors include Aibinu and 
Jagboro (2002) in Nigeria; Belout and Gauvreau (2003) in Canada, Koushki and 
Kartam (2004), Assaf and Al-Hejji (2005), and Faridi and El-Sayegh (2006) in Saudi 
Arabia, Frimpong et al. (2002) in Ghana, and Bryde and Robinson (2005) in the UK. 
Table 2.1 has been adopted from Toor and Ogunlana (2008), two authors who 
studied the causes of project delays. 
From the foregoing studies, the theoretical framework of this study was established. 
A total of seventy-six problems causing delays were categorised into sub-groups 
totalling twelve, which are presented in Table 2.2: 
Table 2.1 Top 10 problems causing construction delays in previous studies 
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Table 2.1 continued 
 
Source: Adapted from Toor and Ogunlana (2008)  
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Table 2.2: Problem categories 
 
2.4.1 Previous predictive studies on construction duration 
One of the early studies in the area of prediction of construction duration was carried 
out by Bromilow (1988). Bromilow (1988) considered two factors, construction cost and 
time, for his prediction.  
Other studies have considered additional factors, such as the construction floor area, 
project scope, extent of varying construct period and fixed budget construction (Ling et 
al., 2004) in Singapore; concrete pumping method, type of formwork, productivity of 
erecting formwork to floor slabs and number of supervisors (Proverbs and Holt, 2000) in 
the UK; numbers of days of actual construction and numbers of days specified in the 
contract (Al-Momani, 2000) in Jordan, as well as time of completion and projected 
estimated cost (Chan, 2001) in Malaysia. 
 
 
 
 
 
S/No Problem category Sub-
problem 
1 Client understanding of the design, procurement, and  construction 
processes 
 
5 
2 Quality of management during design 7 
3 Quality of management during construction 7 
4 Motivation of staff  8 
5 Site ground conditions 8 
6 Site access 3 
7 Constructability of design 7 
8 Management style 8 
9 Management techniques used for planning and control 2 
10 Physical environmental conditions 5 
11 Economic policy 6 
12 Socio–political conditions 3 
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Table 2.3 Predictive model equations 
Ogunsemi & Jagboro (2006) 
Country of study:     Nigeria 
Predictive Equation:     T = 118.563 – 0.401c (C > 408) or T = 603.427 * 0.610c (c > 
408) 
R2 = 0.765 (High predictive power)   
Love et al. (2005) 
Country of study:     Australia    
Predictive model:     log (t) = 3017.8 + 0.274 log (GFA) + o.142 log (floor)  
Where: t = completion time; GFA = gross floor area, and floor = No. of floors 
Moselhi et al. (2005) 
Country of study 
Model equation:     TPi = HCo/PH1  
Where: TPi  = time impact of change or a period  
Al-Momani (2000) 
Country of study:     Jordan 
Model equation:     Y = 82.87 = 1.0016x 
Where: Y = No. of days of actual construction, and X = No. of days specified in the 
contract 
Chan (2001) 
Country of study:     Malaysia 
Model equation:     Y = 269C0.32 
Where: T = time of completion, and C = project estimated cost 
Stoy et al. (2007) 
Country of study:     Germany 
Model equation:     Ln(y) = 4.753 + 0.0002x1 – 0.001x2 
Where: y = construction speed (m2 gross floor / area / month); x1 = absolute size (m
2   
                       gross external floor area}, and x2 = project standard (building construction 
                     cost / m2 gross external floor area) 
Ling et al. (2004) 
Country of study:     Singapore 
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Predictive model:     Y = 145 + 0.017 Gross floor area + 133 Contractors design 
capability............(1) 
R2 = 0.93     (Very high predictive power) 
                                       Y = 3.462 + 0.024 Gross floor area – 464 Project scope 
                                                  definition completion when bids are invited – 443 Extent 
                                                  to which the contract period is allowed to vary  
                                                  during bid evaluation – 180 Design completion when 
                                             budget is fixed............(2) 
R2 = 0.90     (Very high predictive power) 
Xiao & Proverb (2003) 
Country of study:     Japan; UK, and USA 
Model equation:     Y = 5.458 + (-6.403E – 02)DELAYEDT + 0.489LIFEEMP2 + 
                                                   0.172CSTIME+ 0.415PSUBCON2 + (-2003E –
                                              03)DCARATI 
R2 = 0.52     (Good predictive power) 
Where:     DELAYEDT represents the typical delay on similar projects (as a percentage  
                 of the original contract time;) 
                 LIFEEMP2 is a dummy variable for a commitment towards lifetime 
                 employment (one for “yes” and zero for “no”); 
                 CSTIME represents the importance contractors allocate to construction 
                 time to satisfy clients (on a scale of one to ten, where one represents totally 
                 unimportant and ten as very important; 
                 PSUBCOW2 is a dummy variable for the partnering with subcontractors 
                 (one for “yes” and zero for 2 no”), and    
                 DVARIATI represents the typical number of design variations during  
                 construction. 
Proverbs & Holt (2000) 
Country of study:     UK 
Model equation:     Y = 14.439 = 13.377 (“concrete pump” transportation method) + 
                                       -4.125 (“property” types of formwork) + -3-609 (productivity 
                                       of erecting formwork to floor slabs)+1.690 (number of 
                                       supervisions). 
R2 = 0.473     (Average predictive power). 
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Apart from the above documented studies on construction project delay, other studies 
which have been undertaken to determine the underlying causes of delay in projects are 
enumerated below. These studies investigated issues that lead to delays in projects. 
These include: causes of project delay investigated by Frimpong et al. (2003); Nkado 
(1995); Odeh and Battaineh (2002) and Oladapo (2000); human resources issues 
discussed by Belout and Geuvreau (2004); risk factors leading to delays studied by 
Ward and Chapman (2003) and Zwikael et al. (2006); materials and equipment 
management issues causing delays, researched by Manavazhi and Adhikari (2002), 
Koushki et al.  (2005) and Assaf and Al-Hejji (2006); change orders causing project 
delay assessed by Moselhi et al. (2005); motivation and productivity studied by Andawei 
(2002) and Ng et al. (2003); weather impact on project duration investigated by Ameh 
and Odusami (2002); planning techniques studied by Andawei (2003a), Andawei 
(2003b) and Dvir et al. (2003); client contribution to delay investigated by Kehinde et al. 
(2003) and Yu et al. (2006); impact of construction techniques  studied by Nkado and 
Mbachu (2001) and Tam et al. (2001); impact of design on project delays investigated 
by Andi and Minato (2003); management functions and supervision contribution to delay 
discussed by Edum-Fotwe and McCaffer (2000) and Jha and Iyer (2005), and finally, 
effects of delays on project analysed by Aibinu and Jagboro (2000). 
The above-mentioned studies are related to this study based on the parameters set out 
to measure by this study. The methodology, sampling techniques, statistical tools for 
analysis and recommendations are studied and applied to this research.   
2.5  Discussion of theoretical framework 
2.5.1 Stakeholders’ influences on project time 
Based on the survey of the literature the theoretical framework of this study was 
established (Table 2.1 and 2.2) and the writer has identified a total of seventy-six factors 
influencing construction project delivery time either positively or negatively. These could 
be grouped into twelve major headings namely:  
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 The client‟s understanding of the design, procurement, and construction 
processes;  
 Quality management during design;  
 Quality management during construction;  
 Management techniques used for planning and control;  
 Economic policy;  
 Constructability of design;  
 Site ground conditions;  
 Motivation of staff;  
 Management style;  
 Site access;  
 Physical environment considerations, and  
 Socio-political considerations.  
2.5.1.1 Client understanding of the design, procurement, and construction 
processes  
A client is considered as the initiator of a project, responsible for the production of the 
project. There are two types of clients; public and private clients. Private clients could 
further be divided into private private (home dwellings) and private commercial. It is 
important that private clients understand the design, procurement, and construction 
processes. The clients provide valuable information which may help various participants 
to improve their performance on a project. Clients are either experienced or 
inexperienced. The clients‟ attributes and their project management approach can have 
a significant effect upon the attainment of project objectives. The enormous importance 
of clients‟ influence in project performance can be accessed from factors identified by 
Lim and Ling (2002) given in summary as the clients‟ understanding of the project 
constraints; ability to effectively brief the design team; ability to contribute ideas to the 
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design and construction processes; and finally, ability to make authoritative decisions 
quickly, and the stability of these decisions.  
2.5.1.2 Quality of management during design  
Project success is dependent on, inter alia, the performance of the design team. The 
designers are the key players in the construction industry whose services are needed 
from the conception stage of the project to its completion. The performance of the 
designers is therefore important because any decision made at the inception of the 
project will affect project success. Defective designs adversely impact on project 
performance and the participants and are responsible for many construction failures 
(Andi and Minato, 2003). Failure at the conceptual planning and design stages may lead 
to significant problems in successive stages of the project. Design inefficiencies could 
lead to redesign and rework or poor quality of products. Oyedele and Tham (2006) 
provide a listing of clients‟ ranking of designers‟ performance criteria among which were 
those that relate to quality of design coordination, smooth flow of work, vis-à-vis 
conflicting design information, timeliness of issuing of revised drawings, missing 
information, dimensional inaccuracies as well as delay of release of shop drawings.  
2.5.1.3 Quality of management during construction 
Dainty et al. (2002) in Cooke-Davis (2001) declare that project management 
competence represents only one of many criteria upon which project performance is 
contingent. It is also arguably the most significant as it is people who deliver projects, 
and not processes and systems. According to Pongpeng and Liston (2003), problems 
such as schedule delays, budget overruns, low quality work, as well as a large number 
of claims and litigation result largely from not selecting the best contractor to construct 
the facility. 
Quality of management during construction concerns the steps taken to ensure that 
products are in accordance with the quality standards and measure the effectiveness / 
competency of consultants and contractors. Supervision during construction is critical to 
ensure quality products and timely delivery of project. On the part of the consultants the 
assessment of the following will determine the speed of construction and ensure quality 
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of the product: timely inspection procedure; adequate quality management inspection 
resources; quality management information processing requirements; materials or work 
rejection rate, and clean / dry working environment requirements. On the part of the 
contractor, the effectiveness of construction management will affect the speed of 
construction. The factors to be considered here are forecasted planning data such as 
analysis of construction methods; analysis of resource movement to and within site; 
analysis of work sequencing to achieve and maintain workflow; monitoring and updating 
of plans to appropriately reflect work status; responding to, and recovering from 
problems or taking advantage of opportunities present; effective coordination of 
resources, and finally, the development of appropriate organisational structure to 
maintain workflow. 
2.5.1.4 Motivation of staff 
Productivity in the construction industry has been steadily declining. Labour efficiency 
has been cited as poor, resulting in delays. Several techniques can be used to positively 
influence workers‟ behaviour.  Two of these techniques are the behavioural and 
economic approach. The former, the behavioural approach, views motivation from the 
workers‟ psychological requirements and the second views it from the economic 
approach and places emphasis on monetary rewards (Andawei, 2002). Construction 
productivity is influenced by many factors, including material, equipment, tools, 
construction methods and management skills in terms of adequacy and accurate 
application. However, these resources are inanimate and meaningless if not 
transformed into productive tools by the human element. The quality of human 
performance depends largely upon motivation. Motivation variables that could impact on 
construction time are pay and allowances; job security; a sense of belonging and 
identification with the project team; recognition of contribution made; opportunity to 
extend skills and experience through learning; equitable rewards relative to others input 
into the project, and the exercise of power and opportunity for career advancement for 
future benefit.  
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2.5.1.5 Site ground conditions  
The inherent site conditions of a project affect the speed of delivery (Frimpong et al., 
2003). This is often due to a lack of or poor investigation of site ground conditions to 
obtain data regarding site soil conditions. Site conditions refer to the features on a site, 
whether there are existing structures or not; the condition of the subsoil; the firmness of 
the earth beneath the surface; the distance of the water table to the surface; 
underground service ducts and similar features. The research of Frimpong et al. (2003) 
found that ground problems and unexpected geological conditions contribute to delays. 
Other ground factors that impact on the speed of construction include the nature of 
demolition of work; the nature of restoration work; the structural stability of ground; the 
extent of ground contamination; the extent of archaeological finds; the impact of the 
water table; the impact of underground services, and the impact of underpinning 
existing structures. 
2.5.1.6 Site access  
The condition of site access to a project will determine the rate of flow of materials, 
machines and people to the project site (Griffith & Watson, 2004). Where there is 
difficulty in getting to the site, in the form of bad road surfacing, narrowness of the road 
or a long distance between storage space and entry point, these factors will negatively 
affect construction speed. According to Toor and Ogunlana (2008), these cause delays 
in construction,. 
2.5.1.7 Constructability of design  
Mbamali et al. (2005) define the extent to which a building design facilitates the ease of 
construction as buildability: a British term, or constructability: an American term which is 
defined as the grouping of similar work components and the use of modular dimensions 
in design to reduce construction cost. The constructability requirement is, however, one 
of the major factors necessitating the integration of construction experience into building 
designs. Oyedele and Tham (2005) provide a list of factors that could be used to assess 
constructability, inter alia: flexibility of design to changes; dimensional coordination of 
elements; knowledge of performance of materials and components; effective 
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constructability review of design, and effective participation in site inspection and 
control. The following factors are employed in the assessment of design constructability: 
the scope of off-site fabrication; complexity of offsite fabrication components; 
appropriateness of design tolerances; appropriateness of working space; implication 
upon trade coordination; impact of materials storage and movement, and impact on 
smooth activity workflow and activity sequencing. 
2.5.1.8 Management style  
The management style employed in the execution of a project has a significant effect on 
the productivity outcome. Machines and systems are operated by human beings. 
Humans tend to require coercion to work. This is evidenced by the low productivity of 
some labourers. Supervision is required to push workers to meet scheduled targets. 
Griffith and Watson (2004) discuss three types of leaders, namely autocratic, 
democratic, and laissez-faire leaders. The following factors could be used in assessing 
the management style of those in positions of authority: setting specific goals 
employees are to accomplish; organising the work environment for people; setting 
timelines; providing specific direction; conducting regular updates on progress; 
providing support and encouragement; involving team members through discussion of 
work, and seeking people‟s opinions and concerns. 
2.5.1.9 Management techniques used for planning and control  
Project controlling techniques indicate the direction of the project at each time and 
reveal progress. According to Burke (2000) there are various types of planning tools, 
namely the Gantt (Bar) chart; network diagrams; the CPM and the Programme 
Evaluation Review Technique (PERT). They are utilised in the construction industry for 
the planning and control of materials, labour, and plant, machinery and equipment. 
Harris and McCaffer (2002) state that the line of balance planning tool is used for 
repetitive works. However, two types of planning tools are generally used on any kind of 
project, namely the CPM and the bar chart. There are others which are used for specific 
types of projects, such as heavy engineering projects. These are the horse blanket and 
S-curves. 
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2.5.1.10 Physical environmental conditions  
Physical environmental conditions are factors over which no party to a contract has 
control (Faridi and El-Sayegh, 2006). Mbachu and Nkado (2006) contend that socio-
cultural issues and unforeseen circumstances constitute these factors and they 
constrain successful construction projects delivery in South Africa. Though their effect is 
minimal, they constitute a problem, negatively affecting the smooth flow of activities on 
sites. Authors such as Assaf and Al-hejji (2006) refer to them as external factors, and by 
definition, these are occurrences that are seen to adversely impact on the smooth flow 
of work. They include the impact of natural hazards (fire, flood and many others); 
adverse local weather conditions (rainfall and high temperature); ambient noise (beyond 
tolerance level), and the condition of light (lack or intense thereof). 
2.5.1.11 Economic policy  
Economic environmental considerations refer to the level of general economic activity 
and resources available to carry out construction work. Koushki and Kartam (2004) 
identify twenty-five such factors that could impact on construction time. Those 
applicable to this study include the availability of materials; the availability of equipment;   
the availability of trades / operatives,  the availability of supervision / management staff, 
as well as the indirect impact of interest rates / inflation and insolvency, and bankruptcy.  
2.5.1.12 Socio-political conditions  
The social environment concerns needs for projects or individuals while the political 
environment is concerned with government policy and the effect of political decisions on 
projects. Political sociology is defined as the study of power and the intersection of 
personality, social structure, and politics. Factors which constitute this are civil strife or 
riots; the influence of civil action-groups and disruptions due to environmental concerns. 
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CHAPTER THREE: FURTHER REVIEW OF RELATED LITERATURE  
3.1 Definition of client 
Authors have defined client in many different ways, depending on the perspective. Boyd 
and Chinyio (2006) quote (Herm, 2001) and Atkin and Flanagan (1995) who state that 
“a client is someone who freely chooses to avail themselves of a service, and that a 
client is the initiator of projects and those that contract with other parties for the supply 
of construction goods or services.”  
Kamara et al. (2000) who state that a client can be defined as the person or 
organisation responsible for commissioning and paying for the design and construction 
of a facility, and is usually, but not always, the owner of the facility being commissioned. 
The client can also be the user of the proposed facility, or they may be separate entities. 
The client also represents other interests, which include the owner if different, the user 
and other identified persons, groups or organisations that influence, and are affected by, 
the acquisition, use, operation and demolition of the proposed institutions, 
environmental pressure groups and the neighbourhood. Thus, the „client‟ is a „body‟, or 
„entity‟ that incorporates other interest groups. 
3.2 Types of clients 
Clients are central to the construction process and are considered as the driving force in 
the construction industry. There are several methods employed in the categorisation of 
clients into types. The main factor considered in any method employed is the objective 
underlining the categorisation. Based on this, the two widely accepted categories are: 
categorisation (1) based on characteristics of the client system, and (2) the needs of 
clients. 
3.3 Categorisation based on characteristics of the client system 
The various categorisations of clients namely the nature of organisational entity, 
construction industry experience and needs of clients are discussed below. 
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3.3.1 Nature of the organisational entity 
Langford and Male (2001) and Kamara (2002) divide this into public, private and 
corporate clients. 
3.3.2 Construction industry experience 
Based on construction industry experience, clients can be grouped into two classes 
(Kamara, 2002), namely:  
   Experience – this refers to those clients who undertake development on a 
continuous basis, more than once in every five years, for example the Old 
Mutual trust, and 
   Inexperienced – organisations which embark on the development of new 
facilities once in every five years. 
Based on the knowledge of the construction process, clients can be divided into three 
categories based on their knowledge of the construction processes, namely: 
 Well-informed – Those who know what they want and take decisive steps to 
achieve it; 
 Partially informed - Those who have a little knowledge of the construction 
processes and therefore hire professionals in the process of facility procurement, 
and 
 Uninformed – Those clients that know nothing about the construction industry. 
They need extensive guidance to take decisions. 
3.3.3 Frequency of project development   
Categorisation based on frequency of project development of clients can be subdivided 
into two types, namely: 
 Primary constructors – Clients whose main occupation and source of income is 
derived from constructing buildings for lease, and  
 Secondary constructors – Clients who require buildings to execute their main 
business activities and whose expenditure on construction represents a small 
proportion of their annual turnover. 
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3.3.4 Complexity of client organisation 
Langford and Male (2001) identify two categories of complexity of clients‟ organisation. 
These are: (a) Unitary client body, and (b) Multi-organisation. 
3.3.5 Categorisation of clients by procurement interest 
The Chartered Institute of Building (1993) records two broad categories of classification 
of clients based on interest, namely (a) business activities, and (b) purpose of building. 
The various business activities that clients undertake and their classification include 
home owners, education, government, real estate, private and public financial 
institutions, developers, insurance companies, legal firms, industry, tourism, 
entertainment and leisure, and religion. The purpose of building classification includes 
residential, religious, correctional, institutional, sports / games, industrial, office / 
commercial, entertainment / leisure, agriculture, tourism / hotel / catering and utility, 
transport and communication, water treatment,  power,  gas  as well as refineries. 
3.3.6 Needs-based categorisation of clients 
It is of importance to note that clients differ in terms of needs / wants, taste, purpose 
and timing. With respect to the aforementioned, the possibility of meeting clients‟ needs 
must be examined along the lines of selecting the most appropriate contractor to deliver 
the facility based on these parameters. Mbachu (2003) identifies six factors that aid the 
categorisation of clients based on clients needs. These include flexibility, quality, time 
function, safety, maintenance, and economy. 
In terms of prioritisation of these needs, clients can be categorised as being (a) time 
conscious, (b) quality conscious, (c) cost–conscious as well as service conscious. 
In terms of use phase needs, this is the stage at which the client begins to utilise the 
completed building project for the purpose it was initiated. Mbachu (2003) reveals the 
expectations of clients with respect to completed structures. This is represented in 
Figure 3.1: 
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Figure 3.1  Categorisation of clients based on use-phase needs preferences 
                       (Mbachu, 2003)    
3.4 Procurement 
Procurement refers to the process of placement of the contract. It entails preparing all 
documentation for the awarding of the contract, and these include the BoQ, contract 
documents and specifications. The knowledge of the sequencing of activities is crucial 
to the speedy delivery of the project. There are two main stages of procurement: the 
design and the awarding of contract stages.  
Firstly, the design process is the stage of the development of drawings and 
specifications for the facility to be built. It involves the skills of the architects and 
structural and services engineers. The majority of clients do not have the skills / 
knowledge except those clients who have a background in construction. In order to 
bridge the gap of lack of knowledge in these disciplines, the services of consultants 
could be employed. Secondly, the awarding of contract stage involves pre-qualification 
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of contractors, the opening of tender and the awarding of contract to the reasonable 
lowest bidder. 
3.5 The construction processes 
The construction processes include setting out, excavation, casting of concrete blinding, 
the placement of reinforcement, casting of foundations, setting of kickers / setting of 
blocks, casting of lintel, block-laying, deck preparation, placement of reinforcement, 
placement of pipes for electrical and sanitary works as well as the casting of slabs. If it 
is a multi-storey building, then the processes are repeated. If it is a non rising building 
that is under construction, then the next stages will be the casting of the ring, placing / 
fixing of trusses, roofing, plastering and painting of the building. A good knowledge of 
these processes will aid prompt delivery of facility in the form of quick decision taking in 
response to queries that might cause delays at any stage of the processes.  
Seven construction processes were identified by Harris et al. (2006). They include:   
 Verification of need;   
 Assessment of options; 
 Develop procurement strategy;  
 Implement the procurement strategy;   
 Project delivery;   
 Commissioning, and  
 Operation and maintenance.  
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               Key decisions 
Figure 3.2: Typical stages of a construction project (Harris et al., 2006)
Stage Task Sequence of tasks 
1 Verification of need Business and stakeholder needs identified  
2 Assessment of options Prepare business case: strategic and finance planning, Value 
/ Risk management studies 
 
3 Develop procurement   
   strategy 
Prepare project brief: feasibility studies, (VM/RM), priorities, 
CBA, constraints, budget, programme, performance criteria 
and procurement approach. Selection of best project option 
 
4 Implement procurement 
   strategy 
Select the appropriate team(s) for project delivery  
 
5 Project delivery Detailed design and engineering 
 
 
 Manufacture and construction 
 
 
6 Commissioning Testing. Post project review of targets and history  
7 Operation and 
   maintenance 
Operation and maintenance  
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3.6 Clients’ understanding of the design, procurement, and construction  
 processes 
This section discusses the various factors relating to clients which contribute either 
positively or negatively to project delivery time. 
3.6.1 Understanding of the project constraints  
Pheng and Chuan (2005) rate the type of client as the third factor of the fourteen found 
to negatively affect project performance. Clients‟ understanding of the project 
constraints afford appreciation of the challenges encountered by the main contractor to 
a project.  Koushki et al. (2005) identify the client‟s lack of experience as a major 
contributor to time delay. Leung et al. (2004) report that clients‟ construction experience 
has a high loading (0.810) regarding testing relationship between management 
mechanisms and the satisfaction variables for construction projects. Constraints are 
circumstances / situations outside the immediate control of parties to a contract that 
affect the smooth flow of activities.  These could be in the form of finance which may 
marginalise H and S, transportation, material, labour and machines. In terms of design it 
may be the client‟s ability to adequately brief the design team on what he / she intends 
to build. Contrary to this view, Chinyo and Akintoye (2008) cite Lerbinger (2006) who 
contends that organisations that engage with their stakeholders actively are more likely 
to succeed. 
3.6.2 Ability to effectively brief the design team   
Belout and Gauvreau (2003) point out that it is important to define and communicate the 
project mission clearly during the planning stage. Further, it is also essential at this 
stage to fully grasp clients‟ needs and establish with them the project‟s limits and 
priorities - expected quality standards; schedules risk acceptance; method of project 
management to be adopted; monitoring actors, and so on. The ability of the client to 
effectively brief the design team could avoid revision of drawing and reworks.  Sheon et 
al. (2004) declare that current briefing practice is still considered by many researchers 
as inadequate and has many limitations.  The Construction Industry Review Committee 
(2001) recommends that clients set out requirements of their projects clearly, 
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systematically, and comprehensively. Further, Chan et al. (2004) identify clients‟ ability 
to brief as one of the human-related factors that affect the success of a construction 
project. The accuracy of the briefing of the design team regarding the intention / 
purpose of buildings is directly proportional to the level of representation of the intention 
/ purpose in the design.  If intentions are not appropriately conveyed, it will affect the 
design and it implies that whatever is represented in the drawing is that which the 
contractor will build. Yu et al. (2006) highlight the problems associated with briefing as a 
lack of a comprehensive framework; lack of identification of client requirements; 
inadequate involvement of all the relevant parties of a project; inadequate 
communication between those involved in briefing and insufficient time allocated for the 
briefing. These are potential factors that could cause significant delays on project 
delivery. Mbachu and Nkado (2004) note that there is a need to grasp the needs of a 
client and provide  satisfactory service in order to avoid undesirable consequences such 
as negative word-of-mouth, complaints, redress seeking, reduction of market share and 
profitability levels, and possible divestment from the industry. Cheug et al. (2000) 
declare that the extent to which a project is dispute-free from the client determines the 
measure of success of the project. Therefore the needs and expectation of clients 
should be known and met. 
3.6.3 Ability to contribute ideas to the design process 
Phua (2005) concludes that good communication by clients with project team members 
is viewed as important to project performance. The ability of the client to contribute 
ideas to the design process may result in a design with no or limited errors.  In the 
instance that the client does not have an understanding of the design process, the 
designer is left alone to work on the brief given to him by the client, which may not be 
comprehensive for a faultless design. Chan et al. (2004) assert that clients‟ ability to 
contribute to design affects the construction of projects. 
3.6.4 Ability to quickly make authoritative decisions 
Faridi and El-Sayegh (2006) and Dulaimi et al. (2005) identify slowness of the owner‟s 
decision-making process as the third most influential factor out of forty-four factors 
causing delays in construction projects. Blisman et al. (2004) highlight the fact that client 
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indecisiveness and non–uniformity negatively affect project delivery, which rank among 
the ten most influential factors within construction clients‟ multi–project environment.  
Chan et al. (2004) say that clients‟ ability to make decisions affects construction 
projects. The extent to which the client can make authoritative decisions helps in 
avoiding delays in the delivery of projects.  Clients that need to consult other associates 
with respect to making decisions may affect prompt delivery of projects.  When this type 
of situation is encountered decisions that may affect the project negatively could be 
taken. 
3.6.5 Stability of decisions 
Stability of decisions is very crucial in the construction process.  The changing of 
decisions may lead to, inter alia, changing of designs, plans, rework, and material loss. 
Blismas et al. (2004) contend that clients‟ indecisiveness is the second significant factor 
that influences project delivery in their findings. Furthermore, Abdel-Wahab et al. (2008) 
declare that changes made by clients contribute to the delay of projects. Citing 
Olomolaiye (1996), Koushki et al. (2005) add that change-orders as a result of changing 
selections contribute to delays. 
3.6.6 Ability to contribute ideas to the construction process 
Phua (2004) concludes that the factor that has the most influence on multi-firm project 
success is communication between project firms and clients. Muller and Turner (2005) 
assert that, through the implementation stage, the communication needs change from 
provision of data by the owner, to review, and acceptance of plans and deliverables, 
together with early warnings if the owner cannot fulfil his / her obligations stated in the 
project plan. Communication can occur in order to transfer an idea or contribute to 
decision-making. Phua (2005) asserts further that good communication with project 
team members is viewed as important to project performance at all levels. Chan et al. 
(2004) say that, clients‟ ability to contribute to the construction process affects the 
success of the project. The ability to contribute ideas in terms of changes required 
during construction as a result of changing taste to suit desire can impact either 
positively or negatively on the construction speed. Clients that embark on construction 
activities once in fifteen or twenty years may not have valuable ideas to contribute to the 
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construction process and may affect delivery time negatively. Clients that embark on 
construction activities every other year may have valuable ideas to contribute to the 
construction process thereby affecting construction speed positively. Mathur et al. 
(2008) argue that the engagement of stakeholders within a project could link with the 
project decision-making process in order to explicitly affect key decisions. 
3.7 Definition of management 
Several authors have attempted to define management. A few of such definitions are 
documented below:  
Management, according to Rees and Porter (2001) is a set of competencies, attitude, 
and qualities broadly distributed throughout an organisation. 
Dessler (2004) defines management as the act of planning, organising, leading and 
controlling resources to meet organisational objectives. 
Saint and Cronje (2002) state that management is the sum of the processes of: 
planning, organising, leading and controlling the resources of the organisation to 
achieve stated organisational goals as productively as possible. 
Du Toit et al.  (2007) define management simply as the process followed by managers 
to accomplish a business‟s goals and objectives. It can therefore be said to be the 
combination of the processes of the activities that are carried out to enable a business 
to accomplish its goals by employing human, financial and physical resources for that 
purpose. Therefore, management can formally be defined as the process through which 
human, financial, physical and information resources are deployed in order to reach the 
goals of an organisation. The task of management is to combine, allocate, coordinate, 
and deploy resources or inputs in such a way that organisational goals are achieved in 
an effective and efficient manner. Efficiency here means using resources wisely and in 
a cost-effective manner. Effectively analysing the processes of: combining; allocating; 
coordinating, and deploying of resources implies making the right decisions and 
successfully implementing them. 
These tasks of effectively and efficiently transforming resources could be referred to as 
functions.  
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3.7.1 Management as both an art a and science 
In general, effective managers use the scientific approach in making decisions. They 
systematically examine a problem (its potential and impact if it occurs), then make the 
necessary decisions. However, in many aspects of planning, managers must also use 
the artistic approach, basing decisions on their judgement, intuition, or „gut feeling‟. In 
this way a combination of scientific and artistic approaches are employed in decision- 
making. Therefore, management can be seen as both art and science in nature. 
3.7.2 Evolution of management 
Robert Owen who lived between (1771-1858) was a successful industrial executive and 
management pioneer who owned a cotton mill called New Lanark. Owen believed that, 
in order to improve the lot of his workers, it was necessary to eliminate the influences of 
a hostile working environment. He felt that negative circumstances affected not only 
people‟s physical conditions, but also their mental and psychological development, 
which determined their thoughts, emotions and value systems. 
He changed their adverse physical, social, and economic environments by providing 
more satisfactory living and working conditions. He provided good housing and 
sanitation and asked employees to plant trees, shrubs, and create gardens. He 
introduced improved working conditions in the facilities and installed baths, and toilets. 
Day schools were organised for his workers‟ children and night schools for workers. The 
minimum working age for children was changed from 8 to 11 years and working hours 
were reduced from 12 to 10 hours. He later abolished child labour. All of these 
increased the cost of production. However, his profit increased as well. 
3.7.2.1 Trial and error approach 
In the trial and error approach; performance of the management activities were based 
on trial-and-error, whereby managers and workers kept trying different methods until 
they found one that worked. Unfortunately these methods were often not communicated 
to other managers. Managers, therefore, had to rely on their own judgement, intuition 
and business records to remedy immediate and critical problems. Long time planning 
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was not considered during this period. During this period, managers were concerned 
primarily with machine, materials and equipment problems. 
3.7.2.2 Later management practices 
The failure of the trial-and–error approach led to the scientific approach. The scientific 
approach sought economic efficiency in operations. The scientific approach did not 
consider the welfare of workers and not much success was achieved through it. 
The behavioural approach emphasises favourable treatment of employees instead of 
focussing solely on their output or performance. 
The reaction to these two approaches resulted in the development of several 
contemporary approaches, specifically the management science (quantitative methods) 
approach, the systems approach and the contingency approach. These were a rational 
synthesis of the two previous approaches (scientific and behavioural), using the better 
elements of each. 
3.7.2.3 The scientific approach 
The supervision of small groups was successful using the trial-and-error approach. But 
with expansion of businesses, it became difficult to control the human, machine and 
materials resources, and also make long term plans. The need for systematic 
management became evident. 
3.7.2.4 Pioneers of scientific approach 
Early contributors to scientific approach include the following: 
Charles Babbage was credited for writing the first treatise on management in the 
machine age. The paper was titled: On the Economy of Machinery and Manufacturer, 
which was published in 1832. In addition, Charles Babbage was known primarily for the 
formation of the principles of the transfer of skill. 
Frederick W Taylor born in1856, and died in1915 designed better work methods to 
enable workers to produce more per unit time during his life time. The underlying theme 
of Taylor‟s approach was to be a mental revolution, which assumed that managers 
would want to increase productivity and share those gains with the workers through 
42 
 
easier work and improved material well-being. Based upon his research, Taylor 
developed the following duties of professional managers:  
 Develop a science for each element of a person‟s work that would replace the old 
rule-of-thumb method; 
 Select, train, teach, and develop workers scientifically; 
 Cooperate heartily with employees to ensure that all work is done in accordance 
with the best available methods of operation; 
 Divide the work and responsibilities between management and workers, and 
 Use incentive wages to motivate workers to produce more. 
Taylor‟s work was based on the lower cadre workers and not on top and middle 
management workers which resulted in little improvement in these levels.  
According to Griffith and Watson (2004), Taylor‟s scientific management writings and 
studies influenced among others, Henri Fayol who lived within the period (1841-1925), 
developed fourteen principles that could be applied to the entire organisation, which 
could be called administrative management. Administrative management is concerned 
with the setting of goals and planning, organising, commanding, coordinating and 
controlling of activities. 
Fayol developed two main concepts. The first thesis concerns the universality of 
principles that may be applied to the functions of administration in all forms of organised 
human endeavour. The second thesis advocates for a body of knowledge related to 
management that can, and, according to him should be taught. This led to the 
development of the discipline management in general that can validly be taught at 
tertiary level. 
Naoum (2001) lists Fayol‟s fourteen general principles of management as the following: 
 Division of work – by performing only one part of the job, a worker can produce 
more and better work for the same effort. This is called specialisation. 
Specialisation is the most efficient way to use human effort;  
 Authority and responsibility – authority is the right to give orders and obtain 
obedience; responsibility is a corollary of authority; 
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 Discipline – obedience to organisational rules is necessary. The best way to 
achieve obedience is by having good supervisors and clear and fair rule and 
agreements  to apply sanctions and penalties judiciously; 
 Unity of direction – all units in the organisation should be moving toward the 
same objectives through coordinated and focused effort; 
 Subordination of individual interest to general interest – the interests of the 
organisation should take priority over the interests of an individual employee; 
 Remuneration of employees – the overall pay and compensation for employees 
should be fair to both the employees and the organisation; 
 Centralisation – there should be a balance between subordinate involvement 
through decentralisation and the manager‟s retention of final authority through 
centralisation; 
 Scalan chain –  this is a documented chain of authority and communication from 
top to bottom, followed by managers and subordinates; 
 Order – people and materials must be in suitable places at the appropriate time 
for maximum efficiency: that is, a place for everything and everything in its place; 
 Equity – good sense of judgement where everybody is concerned to ensure 
fairness in treatment to all employees; 
 Stability of personnel – the mobility of workers should be minimised to maintain 
organisational efficiency; 
 Initiative – workers should be encouraged to develop and carry out plans for 
improvements, and  
 Esprit de corps – management should promote a team spirit of unity and 
harmony among employees. 
In order to apply these principles of management, managers need to practise the 
functions of management which are planning, organising, commanding, coordinating as 
well as controlling. 
Other contributors to the scientific approach are the following: 
Carl Barth, who developed the slide rule, lived between the years 1860 to 1939; 
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Henry Gantt, he developed production scheduling methods using the graphic methods 
and created the Gantt chart in 1861; 
Frank Gilbreth, expanded principles of time and motion study between the periods of 
1869 to 1824; 
The period between (1878-1972), Lilian Gilbreth lived, and he undertook the pioneering 
work in selection, placement and training processes of personnel, and 
Henry Ford born in1863 lived up to1947, who modified the assembly line procedures 
using the meat-packing industry as a case study and developed procedures for mass 
production and began mass production. He became the pioneer of the theory for mass 
production. 
3.7.3 The behavioural approach 
Ivancevich et al. (2007) state that the behavioural approach could be regarded as the 
approach which studies behaviour, attitudes and performance within an organisational 
setting. It involves drawing of theory, methods and principles from such disciplines as 
psychology, sociology and cultural anthropology to learn about individual perception 
values, and learning capacities within the total organisation, analysing the external 
environment‟s effect on the organisation and its human resources, mission, objectives 
and strategies. 
The forerunners of the behavioural approach are the following: 
Robert Owen – the father of personnel management; 
Hugo Munsterberg, he is known as the father of individual psychology, who emphasised 
the need for studying human behaviour, in addition to scientific management. This was 
between the period of 1863 - 1916, and  
Max Weber, a sociologist, who emphasised the use of bureaucracy for the management 
of large-scale enterprises. 
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3.7.3.1 Contributors to the behavioural approach 
There are four important contributors to behavioural approach. They include the 
following: 
Between the period of 1894 – 1951, Oliver Sheldon lived. He was a philosopher of 
social responsibilities who believed that a business has a soul and that management 
has social responsibilities. He includes determination and execution of policy, 
coordination of functions and other processes as well as valid and integral activities that 
should be carried out by management. Sheldon‟s ideas set the stage for the human 
relations movement and the process of motivation. 
Elton Mayo and Roothlisberger lived in these periods (1880 – 1949) and (1896 -1974) 
respectively, and studied the behaviour of man. Their behavioural approach started with 
the study of the meaning of work, motivation and organisational and interpersonal 
relationships.  Mayo‟s study revealed that a powerful incentive towards increased 
production was not due to physical working conditions or financial rewards but resulted 
from workers feeling important and appreciated. This led to the establishment of a 
relationship between the physical environment and performance that increases 
production. 
Roethlisberger related another experiment led by Mayo which concerns the relationship 
between hourly and total output with the following variables: shorter workdays and 
workers, rest periods, company-provided lunches and varied starting and stopping times 
and the resulting drop in fatigue and monotony. After a period of one-and-a-half years, it 
was found that workers‟ output, attendance and morale increased steadily. Other 
studies conducted confirm that improved morale results in increased productivity. 
Mary Parker Follet was the developer of the law of situation and the integration of 
conflict resolution. Her works were within the period (1868 -1933). 
Chester Barnard, who worked between (1886 -1961), emphasised organisations as 
systems, developed the Subordinate Acceptance Theory of Authority, and highlighted 
the importance of leadership. 
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Smit et al. (2007) say that management is found at all levels and in all functions of an 
organisation and each level and role requires different competencies. Stemming from 
the foregoing, construction management and the competencies required for 
construction management are discussed below. 
Smallwood (2006) cites Fellow et al. (2002) who state that construction management 
can be viewed in two dimensions: the management of the business of construction and 
of the projects per se. They emphasise that: in terms of practice, the two dimensions 
are interdependent. 
According to Smit et al. (2007), competency refers to the relevant knowledge, skills and 
value-orientation required to do the job of a manager. A manager is considered 
„competent‟ if he or she can apply these in a work situation. 
3.7.4 Functions of management work 
Management theory and principles documented by, inter alia, Smallwood (2006), Smit 
(2007), and Rees and Porter (2001) identify five functions and nineteen activities 
between the first four functions of management work: 
 Planning: Forecasting, developing objectives, programming, scheduling, 
budgeting, developing procedure, and developing policies; 
 Organising: Developing organisation structure, delegating, and developing 
relationships; 
 Leading: Decision-making, communicating, motivating, selecting people, and 
developing people; 
 Controlling: Developing performance standards, measuring performance, 
evaluating performance, and correcting performance, and 
 Coordinating: planning, organising, leading, and controlling are all pre-requisites 
for coordinating. 
3.7.4.1 Planning 
Planning is that aspect of management that gives guidance and direction. It is also the 
process of establishing objectives and courses of action prior to taking action (Dessler, 
2004). It encompasses developing goals, objectives and establishing systematic plans 
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for achieving those objectives. There are two planning considerations: (1) plan the task 
carefully, and (2) manage the plan to ensure that all tasks are completed on time. 
Du Toit et al.  (2007) say that there are three types of plans. They are: 
 Long-term or strategic planning; 
 Medium-term or functional planning, and 
 Short-term or operational planning. 
Long-term planning involves the development of a broad, long term strategy to reflect 
the mission of the business. The timeframe for this type of planning is between three 
and ten years or longer. Broad general functions are drawn up to ensure that the 
business remains on track. 
Medium-term planning is based on long-term planning definitions. It is aimed more 
specifically at the business activities and stretches over a term from one to three years. 
Plans are drawn up for every section of the organisation, for instance, operation, 
contracting, transport, purchasing and quality sections. 
Short-term planning is that plan which stretches over not more than a year. It involves 
the daily carrying out of instructions and giving of instructions to certain people 
according to the set objectives. 
3.7.4.2 Planning steps 
According to Smit and de J Cronje (2002), planning involves a lot of steps before 
arriving at the test alternative plan. These include the following: 
 Identify opportunities and threats; 
 Formulate objectives; 
 Make assumptions and draw-up plans of action accordingly; 
 Identity alternative plans of action; 
 Analyse and consider alternative plans of action; 
 Choose a final plan; 
 Draw up a budget, and 
 Implement the plan. 
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3.7.4.3 Reason for planning 
It is often said that „failing to plan is planning to fail‟. Due to this, the benefits associated 
with planning make it important for organisations to plan. Du Toit et al. (2007) 
enumerate these benefits as the following: 
 Planning provides direction and helps managers as well as non-managers to 
focus on forward thinking; 
 It creates a participatory work environment; 
 It reduces the impact of change. In a turbulent environment, planning 
enables managers to anticipate change and to develop appropriate 
responses; 
 It reduces the overlap of activities. When means and ends are clear, the 
overlapping activities and wasteful activities become obvious, and 
 Planning sets the standards to facilitate control. Planning sets objectives, 
and in so doing it complements the control function. Controlling enables 
performance to be compared against the established objectives. If significant 
deviations occur, corrective steps can be taken. Without planning, control 
cannot take place. 
3.7.5 Organising 
Organising is defined as the process of creating a structure for the business that will 
enable its people to work effectively towards its vision, mission and goals. The process 
involves determining how, where, by which, when and with what resources these tasks 
must be carried out to achieve the objectives of the organisation. 
3.7.5.1 Organising procedure 
The following steps are vital in organising an organisation. They include:  
 Finding the necessary information; 
 Identifying and analysing activities; 
 Grouping related tasks together; 
 Dividing the workload according to resources; 
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 Allocating responsibilities and announcing an arrangement, and 
 Obtaining the necessary resources and announcing arrangements. 
3.7.5.2 Principles of organisation 
The following are important principles pertaining to organisation: 
 Unity of comment - each employee should report to only one manager / 
supervisor; 
 Unity of direction - all tasks and activities should be directed towards the same 
goals and objectives; 
 Chain of command - this is the same as scalan principles, which state that a 
clear, unbroken chain of command should link every employee with someone at 
a higher level, all the way to the top of the business; 
 Span of control / Management - This refers to the number of staff reporting to a 
manager; 
 Division of work - employees having specialised jobs and related jobs are 
grouped together under a single manager / supervisor; 
 Standardisation - the process of developing uniform practices that employees are 
to follow in doing their jobs. This is normally practised to attain conformity; 
 Co-ordination - the process of compelling all departments and individuals within 
the organisation to accomplish the strategic goals and tactical and operational 
objectives. Also, it could be seen as the process of integrating all organisational 
task and resources to meet objectives; 
 Power - the ability to influence the behaviour of others in an organisation; 
 Delegation - the act of assigning responsibility and authority for attaining 
objectives. Responsibility and authority are delegated down the chain of 
command; 
 Responsibility is the obligation to achieve objectives by performing required 
activities; 
 Authority is the right to make decisions, issue order and use resources, and 
 Accountability is the evaluation of how well individuals meet their responsibilities. 
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3.7.6 Leadership 
Zigarmi et al. (2005) define leadership as the act of arousing, engaging and satisfying 
the motives of followers – in an environment of conflict competition, or change – that 
results in the followers taking a course of action toward a mutually shared vision. It is 
the ability to influence people either individually or in groups to attain organisational 
goals. Leaders are in a position that gives them power, and it is used to influence 
behaviour of subordinates. Leadership indicates the relationship between one person, 
the leader, and the other members of the working group. This relationship must be such 
that the members of the working group will work together voluntarily to achieve the 
objectives of the group. 
3.7.6.1 Leadership styles 
A leadership style is the pattern of influencing behaviour that a manager can use on 
others, over time, as perceived by them. 
Five types of leadership styles can be identified, according to Shriberg et al. (2005) and 
Du Toit et al. (2007), and they are: 
 Autocratic leaders - who take all the decisions themselves and are task-
oriented; 
 Democratic leaders - who are of the opinion that employees must share 
indecision making. They are team leaders; 
 Laissez faire approach leader – who is someone who draws up objectives and 
guidelines for staff, and they must then continue on their own without any 
further leadership; 
 Compromise leaders - who have a reasonable interest in employees as well 
as in production, and 
 Good Samaritan leaders – who have little concern for production, but are 
concerned about employees, they are employee-oriented. 
These leadership styles could be divided into three types: 
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 Task-oriented are those that place greater emphasis on the successful 
completion of tasks than on the needs and requirements of employees; 
 Employee-oriented are those who place the needs of the workers first, and 
 Laissez faire leaders are those that have little concern for either production or 
employees. 
3.7.6.2 Types of leadership power 
Power is not gained only through the possession of a rank or job title, it should be 
earned by the leader. Pedler et al. (2004) define power as the ability to do or to act, or 
to get work done, to make things happen. There are many different kinds of power that 
a manager can have. Pedler et al. (2004) describe the following sources of power: 
 Legitimate power – this refers to the authority granted to a particular position. 
This gives the person the right to insist on the execution of certain duties by 
staff and also to dismiss them if they fail to comply; 
 Reward power – this is power to give or withhold rewards in terms of salary, 
bonuses, recognition or interesting assignments to individuals / staff; 
 Coercive power – the type of power that enforces compliance through fear, 
whether psychological, emotional or physical; 
 Referent power – this is personal power, based on identification or charisma. 
Employees obey a leader simply because they like, respect or identify with him 
/ her, and 
 Expert power – a type of power derived by the reason of the expertise or 
speciality in skills, knowledge or professional ability. 
3.7.7 Control 
Control refers to a regulatory task to determine whether or not there has been deviation 
in the plans so that steps can be taken to prevent and rectify errors. Control helps an 
organisation to know how well they are performing in relation to their goals. At any point 
in time, control compares actual performance to planned performance. In construction 
work a good example of a control instrument is the work schedule. Actual performances 
are measured against planned performance. 
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Control involves determining realistic standards by which an employee‟s actual 
performance can be measured, so that any deviation in performance can be timeously 
traced. 
Deviations from plans should be corrected to ensure that the objectives of the 
organisation are not jeopardised. The standard to which employees must comply must 
be determined carefully with the aid of information from the industry. The performance 
of employees can then be measured daily or continuously. If employees do not achieve 
their daily objectives, their manager can investigate the reasons for this immediately 
and corrective action can be taken quickly. 
3.7.7.1 Control process 
There are many types of processes. There are four main steps that can be taken to 
control processes. They are:  
 Setting standards, drawing up methods for measuring performance and 
announcing the standards; 
 Measuring the actual performance; 
 Evaluating and comparing the actual performance with the organisation‟s or 
industry‟s standards, and 
 Taking corrective action if necessary. 
3.7.8 Decision making 
All cadres of workers continually face the need to make decisions in every aspect of 
getting work done. According to Dessler (2001), making a decision is a choice between 
alternatives, while decision-making is the process of developing and analysing 
alternatives and making a choice. 
3.7.8.1 Type of decision 
Decisions either make good or mar productivity. There are two classifications of 
decisions, namely programmed and non-programmed decisions. 
A programmed decision is that which is repetitive and routine, and it can be made by 
using a definite systematic producer. A non-programmed decision is unique and novel. 
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Programmed decisions can be solved using rules and procedures that can be laid out in 
advance. Non-programmed decisions generally cannot be laid out in advance.  The 
decisions made in these ways are strategically done, analysed carefully, while the 
positive and negative aspects are weighed carefully. 
3.7.8.2 Decision making process 
A decision that will be strategically inclined, according to Steyn et al. (2003), will be 
made based on the following steps. These include:  
 Defining the problem; 
 Clarifying the objectives; 
 Identifying alternatives; 
 Analysing the consequences, and 
 Making a choice. 
3.7.9 Communication 
Barke (2006) asserts that communication is exchanging information in such a way that it 
creates a common basis of understanding and feeling. It can also be the transfer of 
messages between a business and its external environment as well as within the 
business itself. 
Barke (2006) classifies communication into two types. They are formal and informal 
communication, which could be verbal or written. Formal communication is normally 
endorsed while informal is not endorsed. Barke (2006) enumerates several methods / 
mediums of communication in the construction industry. These include: verbal; written; 
graphical: electronic - the use of e-mail; radio; GSM; video conferencing, and diagrams. 
In any form of communication, there is upward, downward and horizontal 
communication. Upward communication is that communication that emanates from a 
subordinate to a superior officer. Downward communication is that initiated by a 
superior officer to a subordinate and horizontal communication occurs between 
colleagues and friends. 
3.7.10 Delegation  
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This is the allocation of power or responsibility to subordinate employees. 
3.7.11 Coordination 
In any organisation activities must be coordinated to achieve stated objectives. 
Coordination is the process in which the various functions in an organisation are treated 
as a functional unit so that the objectives of organisations can successfully be achieved. 
The functions to coordinate are those of: the general management; finance; marketing; 
operations; purchasing; human resources; administrative, and public relations functions. 
3.7.12 Discipline 
Discipline relates to rules and regulations to guide individual behaviour and help to 
ensure the success of the organisations‟ objectives. Lack of discipline promotes bad 
morale, such as absenteeism and poor quality work output. These lead to low 
productivity and rework.  
3.8 Quality of management during design 
Hsieh et al. (2004) determined that problems with design and planning are the major 
cause of change orders which lead to delays in the delivery of projects. Research 
indicates that poor drawings were considered to be another cause for low productivity. 
Design management is a tool which Bibby et al. (2006) propose corporations and 
managers use to increase project performance. It is a process that includes open forum 
presentations, a style that allows discussion of issues by all project team members and 
has the capacity to ensure a faultless design. Santoso et al. (2003) assessed risks in 
high-rise building construction in Jakarta and found that risks related to design and 
management are the most significant factors which affect construction performance. 
3.8.1 Conflicting design information  
Acharya et al. (2006) determined that ambiguous specifications are one of the six 
critical construction conflicting factors in the Korean context that affect project delivery 
time negatively. This refers to an item having double representation either in numerical 
value or in statement.  For clarity and smooth flow of work, designs should be checked 
more than once before they reach the contractor.  It is also advised that designs should 
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be checked by the contractor for clarity and to avoid ambiguity upon receiving the 
award.  If these exercises are not conducted, it may lead to delays.  Oyedele and Tham 
(2006) conclude that architects should improve on design quality so as to satisfy their 
clients‟ requirements and ensure successful project delivery as a whole. 
3.8.2 Timeliness of issuing of revised drawings  
According to Yakubu and Sun (2009), design change(s) is the most influential factor 
inhibiting the delivery of projects on time in the United Kingdom construction industry 
from the perspective of the contractor and the consultants. Walker and Shen (2002) 
declare that a delay in design documentation was ranked the second most influencing 
factor that negatively affects project delivery. Time should not be wasted in the process 
of issuing revised drawings.  The joint contract tribunal (JCT) specifies that revision of 
drawings should not take more than three days after which the contractor can claim for 
extension of time.  This could increase the final project cost to the disadvantage of the 
client, which the client might not want to incur.  Revisions of designs should be done 
promptly. 
3.8.3 Missing information  
Andi and Minato (2003) say that poor design and documentation quality negatively 
affect the construction process. Alaghbari et al. (2007) identify incomplete documents 
as one of the top ten factors causing delay in the delivery of projects in the Malaysian 
construction industry. Missing information interrupts the smooth flow of work. 
Contractors are employed to build in such a way that they adhere to design and 
specification.  Assumptions should not be made while constructing, therefore missing 
information should be brought to the notice of the designer and a quick response should 
be given to address this. 
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3.8.4 Dimensional inaccuracies  
Walker and Shen (2002) say that mistakes in design form part of the contractor-related 
factors which were ranked second in contributing to delays in the delivery of projects.  
Acharya et al. (2006) determined that design errors are one of the six critical 
construction conflicting factors in the Korean context. Dimensional inaccuracies are to 
be brought to the notice of designers and these should be resolved promptly, to avoid 
delays in the delivery of project.  JBCC clause 17.1.2 bestows the responsibility on the 
principal agent to issue the contractor instructions with regards to the rectification of 
discrepancies, errors in description or omission in contract documents other than this 
document. 
3.8.5 Expediting shop drawings 
Out of forty-four causes of delays identified by Faridi and El-sayegh (2006) in the United 
Arab Emirates, preparation and approval of drawings is the most influential. Delay in the 
release of shop drawings could affect speedy completion of work sections.  Shop 
drawings should be delivered to the contractor whenever the need arises, with no 
delays. Clause 32.5.1 of the JBCC states that the failure to issue or the late issue of a 
contract instruction following a request from the contractor entitles the contractor to 
claim for the expense in loss incurred, having notified the principal agent within forty 
working days from becoming aware or from when he / she ought reasonably to have 
become aware of such expense and loss. 
3.9 Quality of management during construction 
Santoso et al. (2003) studied risk in high-rise building construction in Jakarta and 
determined that management and design are the most significant factors affecting 
construction performance. The study by Ponpeng and Liston (2003) of contractor ability 
criteria determined, inter alia, a contractor‟s quality management system is an important 
factor affecting a contractor‟s delivery of a project within schedule. 
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3.9.1 Forecasted planning date such as activity duration, resource quantities 
          required 
Planning tool is an aid for an effective, smooth flow and control of works during the 
construction phase. Arditi and Mohammadi (2002) conclude that timeliness, which is 
completion of the contract on the scheduled date, and accuracy, which is the ability to 
provide the right service the first time with a minimum amount of rework, are measures 
of a contractor‟s quality performance creditability that eliminate or minimise delays. 
3.9.2 Analysis of construction methods 
A project having to repeat one of its activities, it may mean, that it will take longer time 
before it‟s completion. Belout and Gauvreau (2003) declare that trouble-shooting was 
identified as the second highest factor that explains project success in the execution 
stage in their study. When problems occur while the project is being executed, it is 
important that the project team quickly identify the source and extent of the trouble and 
solve it. An analysis of construction methods is the consideration of the various 
techniques to carry out work against the volume and complexity of work, which will 
result in timeliness, cost effectiveness, quality product, and safety. Failure to do this 
might result in mistakes and rework. Proverb and Holt (2000) declare that construction 
methods adopted in the procurement of a project significantly relate to construction time 
performance. Tam et al. (2001) evaluated three construction methods and their 
performance on productivity, the use of new technology as compared with the traditional 
conventional method which entailed timber forms. The use of new technology was 
discovered to be the most effective in shortening construction time. 
3.9.3 Resource movement to, on and from site   
Koushki and Kartam (2004) determined that late delivery and damaged materials to site 
cause project delays, for instance, if there is not a particular material on site such as 
cement. The late delivery of material will result in not meeting schedule targets. 
Damage of materials resulting from handling will necessitate change. The process it will 
take for replacement / purchase might lead to delays. Pertula et al. (2003) report that a 
total of  2 945 disability days were experienced on a project over a period of eighteen 
58 
 
months due to accidents resulting from materials handling on site. This has a negative 
impact on the delivery of the project on time, with respect to machine requirements. A 
schedule of movement of heavy machines should be made in order to maximise the 
cost of hiring and movement to and from the site.  Prior to a machine arriving on site the 
specific quantity of work to be done must have been identified. This will eliminate the 
situation of having the machine standing idle while work is not completed. Koushki and 
Kartam (2004) declare that poor planning, equipment breakdown and improper 
equipment lead to delays in the project. 
3.9.4 Work sequencing to achieve and maintain work flow   
According to Fox et al. (2003), to realise building designs, practitioners with expert 
knowledge should be employed in assessing the capability of construction processes. 
This will aid the comparison of construction methods of contractors against its adequacy 
regarding the project technology demand. On awarding the contract, the architect or the 
project manager requests the contractor to provide a work schedule and construction 
method statement.  These explain the activities of work from site clearance to handing 
over of the site to the client. In other words, specific duration of activities fixed thereon 
and construction methods are identified. There are several planning tools employed in 
doing this.  Among these are bar charts, the CPM, the S-curves as well as others, but 
the most commonly used planning tools are the bar chart and the CPM.  These tools 
are used in achieving and maintaining workflow. 
3.9.5 Monitoring and updating of plans to appropriately reflect work status 
Lee et al. (2004) cite Lantelme and Formoso (2000) who conclude that measurement-
managed companies have shown better performance compared to their non-
measurement counterparts. In order to measure the performance of a project, tools 
such as the CPM and bar chart are developed to monitor work status.  In situations 
where the project is not performing as planned, areas of weakness are identified and 
improved on for the achievement of overall goals. Pongpeng and Liston (2002) identify 
project monitoring as one of the five most important criteria for contractors‟ ability to 
perform. 
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3.9.6 Responding to, and recovering from problems or taking advantage of   
          opportunities present   
If a project has to repeat one of its activities, it may take longer. There may be a multiple 
effect of this problem on activities, which may later lead to stagnation of works on site.  
These problems are identified by the daily progress record maintained on site.  Where 
there is a lag, problems leading to it are identified. This is responding to a problem. 
When problems are identified, they are addressed. This implies remedying the situation 
and sorting out the problems.  Once these are solved, the project is restored into full 
operation.  This method employed in solving a problem could be applied to similar 
problems and where the project is performing well the method adopted in achieving 
such success should be documented and used repeatedly. Dainty et al. (2004) state 
that for a project to succeed, there are some qualities the project manager must 
possess. Among these are analytical thinking power, information seeking and initiative. 
These will enhance problem-solving on site. Scott-Young and Samson (2007) conclude 
that there is a direct and positive relationship between effective team problem–solving 
and project outcomes. 
3.9.7 Effective coordination of resources   
Tam et al. (2002) declare that site layout planning assists in minimising the travelling 
time and movement costs of plant, labour and materials, activity interference during 
construction work and site accidents. Chan et al. (2004) state that the coordinating skills 
of the project team leader affects the construction of a project. Kazaz and Ulubeyli 
(2003) are of the view that assignment decisions of resources such as labour, 
equipment and materials control the overall duration and cost of a project. Additionally, 
a good inventory system must be put in place for recording materials on site for each 
section, for example, concreting, carpentry, reinforcement works and mechanical and 
electrical work.  The materials movement schedule should be developed alongside the 
work schedule sheet.  This will afford effective coordination of resources with respect to 
materials in stock, materials needed and ordering dates. Together these will ensure a 
smooth flow of activity and timely delivery of the project. Jha and Iyer (2005) maintain 
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that coordination among project participants and resources positively influence the 
delivery of projects. 
3.9.8 Development of an appropriate organisation structure to maintain workflow 
Bassioni et al. (2005) say that the involvement of leaders in ensuring that management 
systems are developed for operations is an important performance factor for success. 
For an organisation to function effectively there should be an organogram showing the 
hierarchy of authorities and the various departments in the organisation.  Duties and 
responsibilities are spelt out to each department which assist with accountability. 
3.9.9 Inspection and construction 
Timely inspection is of great importance to ensure effective operation, quality of material 
and timely progress of the project schedule.  Subsequent activities on a construction 
schedule may not start until the required inspection of preceding tasks has been 
completed.  Project managers and inspectors who certify construction works are likely 
to be the major cause of delay in construction delivery. Progress may be delayed and 
productivity reduced when sections of works are inspected late. This implies the 
prioritising of duty by consultants.  
3.10 Motivation of staff 
Thomas et al. (2003) state that labour mobility accounts for 58% of the total losses in 
time encountered on projects as a result from inefficient work hours. Andawei (2002) 
reports on a study finding that motivational factors significantly influence the 
performance of workers. 
3.10.1 Definition of motivation 
Various authors have defined motivation in several ways, inter alia: 
Robbins et al. (2001) posit that motivation is the process that accounts for an 
individual‟s intensity, direction and persistence of effort towards attaining a goal.  
Bagraim (2003) defines motivation as the force within us that arouses, directs and 
sustains our behaviour. 
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Linstead et al. (2004) define motivation in two ways. Firstly, it is the development of 
individual performance-based schemes to reward organisational members and 
secondly, the designing of work to increase performance outcomes for the organisation 
and hopefully, the benefit of the individual. 
Huczynski and Buchanan (2007) defines motivation as employees‟ job satisfaction or 
the degree to which employees are satisfied with their jobs, which leads to higher 
quality, better growth and improved profitability. 
In summary, motivation is a process whereby behaviour is activated, directed and 
sustained over a period of time. 
These definitions are all quite similar and three common premises which characterise 
motivation can be identified. They include:  
 What energises human behaviour; 
 What directs or channels such behaviour, and  
 How this behaviour is maintained or sustained. 
3.10.2 Motivational theories 
There are many competing theories which attempt to explain the nature of motivation. 
These theories help to explain the behaviour of certain people at certain times. Any 
theory which aids in understanding of how best to motivate people at work is useful. 
Because of the complexity of motivation and the fact that there is no ready-made 
solution or single answer to what motivates people to work well, all the different theories 
are important to the manager. The existence of many theories may be an indication that 
there are many motives which influence people‟s behaviour and performance. 
The most well-know theories which explain employees‟ motivation include:  
 Maslow‟s hierarchy of needs;   
 Theory X and theory Y;   
 Herzberg‟s two-factor theory;   
 ERG theory;  
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  McClenlland‟s theory of need;   
 Cognitive evaluation theory;   
 Goal-setting theory;   
 Reinforcement theory;   
 Equity theory, and  
 Expectancy theory. 
3.10.2.1 Maslow’s hierarchy of needs theory 
According to Robbins (2001), Maslow hypothesised that within every human being there 
exists a hierarchy of five needs. These needs are: 
 Physiological : Hunger; thirst; shelter; sexual, and other bodily needs; 
 Safety : Security and protection from physical and emotional harm; 
 Social: Affection, sense of belonging, acceptance and friendship; 
 Esteem: Internal esteem factors such as self-respect, autonomy and 
achievement, and external esteem factors such as status, recognition and 
attention, and 
 Self-actualisation: The drive to become what one is capable of becoming. It 
includes–growth; achieving one‟s potential, and self-fulfilment. 
As each of these needs becomes substantially satisfied, the employee‟s concentration 
on his / her job becomes high and positively affects productivity. 
The hierarchy of needs theory assumes that physiological needs are the basic need 
every human being needs to satisfy. According to Maslow, there are lower and higher 
orders of need. The lower order of needs includes physiological and safety needs and 
are satisfied within a person. The higher order of needs includes social, esteem and 
self-actualisation. These are satisfied externally, such as pay, union contract and 
tenure.  As each need is satisfied, the next need in the hierarchy becomes dominant. 
The view on motivation is that although no need is ever fully satisfied or gratified, a 
substantially satisfied need no longer motivates. Therefore, when motivating someone, 
63 
 
according to Maslow, you need to understand what level of the hierarchy that person is 
currently on and focus on satisfying those needs at or above that level. Figure 3.3 
presents the hierarchy of needs: 
 
Figure 3.3 Maslow’s hierarchy of need pyramid (Ivancevich, 2005). 
3.10.2.2 Theory X and Theory Y 
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Theory X and Theory Y is another important motivational theory managers should 
familiarise themselves with. Douglas McGregor proposed two distinct views of human 
beings: one basically negative, labelled Theory X, and the other basically positive, 
labelled Theory Y. There are four assumptions made of employees‟ attitude under the 
Theory X cited by Robbins (2001). They include the following: 
 Employees inherently dislike work and whenever possible, will attempt to avoid it; 
 Since employees dislike work, they must be coerced, controlled, or threatened 
with punishment to achieve goals; 
 Employees will avoid responsibilities and seek formal direction whenever 
possible, and 
 Most workers place security above all other factors associated with work and will 
display little ambition. 
Contrary to these four negative employees‟ assumptions to work, McGregor 
hypothesise four other positive assumptions called Theory Y of human beings cited by 
Robbins (2001). They are: 
 Employees can view work as being as natural as rest or play; 
 People will exercise self-direction and self-control if they are committed to the 
objectives; 
 The average person can learn to accept, or even seek responsibility, and 
 The ability to make innovative decisions is not only confined to management 
positions, but widely dispersed throughout the population. 
The motivational implications of these theories are: 
Theory X assumes that lower order needs dominate individuals, and Theory Y assumes 
that higher order needs dominate individuals. McGregor suggests that in order to 
motivate individuals who are driven by higher order needs, managers should allow them 
to participate in decision-making, give them responsible and challenging jobs and good 
group relations would maximize employees‟ job motivation.  Additionally, he argued that 
if employees are treated as if they cannot be trusted and that they need to be 
threatened and coerced, then they may react in an untrustworthy way. However, when 
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employees‟ expectations are positive, their employers are more likely to respond in a 
positive way. 
3.10.2.3 Herzberg’s two-factor theory 
Herzberg‟s two-factor theory is one of the important theories applicable in the 
construction industry. 
Frederick Herzberg proposed the two-factor theory, also called the Motivation Hygiene 
theory. This theory relates to views on job satisfaction and dissatisfaction. Huczynski 
and Buchanan (2007) found separate clusters of factors also associated with job 
satisfaction and dissatisfaction. Certain characteristics tend to relate to job satisfaction 
and others to job dissatisfaction. Intrinsic factors such as advancement, recognition, 
responsibility and achievement relate to job satisfaction.  On the other hand, extrinsic 
factors such as supervision, pay, company policies and working conditions tend to lead 
to job dissatisfaction. Conditions surrounding the job, such as quality of the job, 
supervision, pay, company policies, physical working conditions, relations with others 
and job security were characterised by Herzberg as hygiene factors.  When they are 
adequate, people will not be dissatisfied, but rather satisfied.  Herzberg suggested that 
when motivating people to work, factors associated with the work itself should be 
employed in motivating. Such factors include promotional opportunities, chances for 
personal growth, recognition, responsibility and achievement. 
3.10.2.4. ERG theory 
ERG theory is a theory proposed by Clay Alderfer and is based on Maslow‟s hierarchy. 
Hellriegel et al. (2001) state that Alderfer maintains there are three groups of core 
needs – existence, relatedness, and growth (ERG).  The existence group is concerned 
with the provision of the basic materials and existence requirements.  These are similar 
to the psychological and safety needs posited by Maslow. 
The relatedness need is concerned with the desires humans have for maintaining 
important interpersonal relationships.  They align with Maslow‟s social and esteem 
need. 
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Lastly, growth needs reflect the intrinsic desire for personal development and it also 
aligns with Maslow‟s esteem‟s category and characteristics under self-actualisation. 
The ERG theory differs from Maslow‟s theory in the following two ways:  
 More than one need may be operative at the same time, and  
 If the gratification of a higher level need is stifled, the desire to satisfy a lower 
level need increases. 
3.10.2.5. McClelland’s theory of needs 
McClelland‟s theory was developed by David McClelland and his associates. Huczynski 
and Buchanan (2007) states that the theory focuses on three needs: achievement, 
power, and affiliation. They are defined as follows: 
 Need for achievement: the drive to excel, to achieve in relation to a set 
standards, to strive to succeed; 
 Need for power: the need to make others behave in a way that they would not 
have behaved otherwise, and 
 Need for affiliation: the desire for friendly and close interpersonal relationships. 
Training could stimulate achievement needs.  For instance, once an achiever has been 
identified by an employer and certain jobs assigned to an achiever in which he / she has 
no matching skills, management can develop such a person to meet organisational 
goals.   
3.10.2.6. Cognitive theory 
Cognitive theory is related to the way in which people are paid in organisations. This 
theory proposes that the introduction of extrinsic rewards such as pay for work effort 
that had been previously intrinsically rewarding due to the pleasure associated with the 
content of the work itself would tend to decrease the overall level of motivation for a 
staff member. 
According to this theory, when extrinsic rewards are used by organisations as rewards 
for superior performance, the intrinsic rewards that individuals derive from doing what 
they like are reduced. This could be explained further by saying that, when extrinsic 
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rewards are given to someone for performing an interesting task, it causes intrinsic 
interest in the task itself to decline. Cognitive evaluation theory assumes that it would 
make sense to not make an individual‟s pay contingent on performance in order to avoid 
decreasing intrinsic motivation. Ivancevich (2005) explains that the theory is useful in 
understanding the complexities of human behaviour. 
3.10.2.7. Goal - setting theory  
Goal-setting theory is perhaps the most impactful in the construction industry, as it is 
widely accepted and applied to workers‟ productivity.  
In the late 1960s, Edwin Locke proposed that people are motivated to work when they 
have a goal (Greenberg & Baron, 2000). Goals tell an employee what needs to be done 
and how much effort will have to be expended. This theory is widely utilised in the 
construction industry because productivity per day of any trade is based on a certain 
output of work.  For instance, block layers need to lay a certain number of blocks to 
account for the day‟s work and pay.  This is related to the concept of goal-setting theory 
which presupposes that an individual is committed to the goal, that is, is determined not 
to lower or abandon the goal.  Gordon (2002) observes that goal-setting focuses 
behaviour and motivates employees. This is most likely to occur when goals are made 
public, the phenomenon most often experienced in the construction industry.  It is note- 
worthy that resistance is greater when goals are difficult. 
3.10.2.8. Reinforcement theory   
Reinforcement is a theory based on human behaviour (Hellriegel et al., 2001). It argues 
that reinforcement conditions behaviour, and is therefore a shaping tool.  Individuals will 
be motivated to exhibit the modelled behaviour if positive incentives or rewards are 
provided.  Behaviours that are positively reinforced will be given more attention, learned 
better and performed more often.  This means that, in construction high productivity of 
individuals should be rewarded. This is similar to working overtime. 
3.10.2.9. Equity theory 
Equity theory stems from the mobility of workers regarding jobs on the basis of work 
content and the reward. 
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Huczynski and Buchanan (2007) note that; employees make comparisons of their jobs 
based on job inputs and outcome. Job inputs are effort, experience, education and 
competence. On the other hand, the following constitute outcomes, namely salary 
levels, raises and recognition relative to those of others; if the perceived ratio is equal to 
that of the relevant others with whom comparison is made, a state of equity is said to 
exist.  It can be concluded that our situation is fair – that justice prevails. When the ratio 
is unequal, equity tension is experienced. Stacy Adams proposed that when the state of 
equity tension exists, an employee should be motivated to correct the state of negative 
tension. The theory establishes the following propositions relating to inequitable pay: 
 Given payment by time, over-rewarded employees will produce more than will 
equitably paid employees.  Hourly and salary employees will generate high 
quality of production in order to increase the input aspect of the ratio and bring 
about equity; 
 Given payment by quantity of production, over-rewarded employees will produce 
fewer, but higher-quality units than will equitably paid employees.  Individuals 
paid on a piece-rate basis will increase their effort to achieve equity, which can 
result in greater quality or quantity.  However, increases in quantity will only 
increase inequity, since every unit produced results in further over-payment. 
Therefore effort is directed towards increasing quality rather than increasing 
quantity; 
 Given payment by time, under-rewarded employees will produce less or poorer 
quality of output.  Effort will decrease, which will bring about lower productivity or 
poorer quality output than equitably paid subjects, and 
 Given payment by quantity of production, under-rewarded employees will 
produce a large number of low-quality units in comparison with equitably paid 
employees.  Employees on piece-rate pay plans can bring about equity because 
trading off quality of input or quality will result in an increase in rewards with little 
or no increase in contributions. 
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3.10.2.10. Expectancy theory 
Expectancy theory is a motivational theory that exposes to the beneficiary the quality 
and quantity of his / her action before being taken. The theory argues that the strength 
of a tendency to act in a certain way depends on the strength of an expectation that the 
act will be followed by a given outcome and on the attractiveness of that outcome to the 
individual.  In practical terms, the theory implies that an employee will be motivated to 
exert a high level of effort when he or she believes that effort will lead to a good 
performance appraisal, that a good appraisal will lead to organisational rewards such as 
a bonus, a salary increase, or a promotion and that the reward will satisfy the 
employee‟s personal goals. 
The theory focuses on the following three relationships: 
 Effort-performance relationship;  
 Performance-reward relationship, and  
 Rewards-personal goals relationship. 
Effort-performance relationship is the probability perceived by the individual that 
exerting a given amount of effort will lead to performance. 
Performance-reward relationship is the degree to which the individual believes that 
performing at a particular level will lead to the attainment of a desired outcome. 
Rewards-personal goals relationship refers to the degree to which organisational 
rewards satisfy an individual‟s personal goals or needs and the attractiveness of those 
potentials rewards for the individuals. 
The Expectancy theory will enhance productivity only when the organisation‟s policy is 
adhered to strictly, promotions are given as and when due, and if there is compensation 
of outstanding performance and rewarding good habits. 
3.11 Incentives 
Incentives are the various payment systems available to motivate a worker. Incentives 
can be classified into non-financial and semi-financial incentives (Harris and McCaffer, 
2006). The non-financial or semi-financial incentives are mainly applied to managerial 
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and clerical workers.  The non-financial incentives include the need for self belonging, 
the need for group participation and social satisfaction. Semi-financial incentives include 
provision of contributory pension schemes, share options, holidays with pay, restaurant 
facilities, sport facilities, company levies, paid telephone bills, expense accounts, and an 
increase in basic salaries and promotion prospects. 
Other financial incentive schemes are: 
 Profit sharing – the organisation pays a lump sum to employee as a result of his / 
her contribution to the organisation‟s achieving a profit; 
 Day work – an hourly rate is paid related to the skill required by the task,  for 
instance, where high level skill is required, and 
 Piece work – payment is in terms of a uniform price per unit of produced. 
3.12 Factors influencing motivation of workers  
The factors of motivation that can influence workers‟ attitudes either negatively or 
positively regarding productivity are listed below and discussed. These include: 
 Pay and allowances; 
 Job security; 
 A sense of belonging and identification with the project team; 
 Recognition of contribution; 
 Opportunity for extending skills and experience through learning as a means of 
job satisfaction and higher productivity; 
 Equitable reward relative to others‟ input to the project; 
 Exercise of power, and 
 Opportunity to career advancement for future benefit. 
3.12.1 Pay and allowances 
Pheng and Chuan (2005) conclude that salary is rated the fifth among thirteen factors of 
working environment regarded by managers as significantly affecting project delivery. 
Firstly, the amount of pay given to the worker affects his / her productivity.  If the pay is 
high, it motivates him / her to higher productivity because he / she is satisfied.  The 
71 
 
contrary applies when pay is low.  Secondly, employees who believe that their 
organisations‟ pay systems are inherently unfair tend to be dissatisfied with their jobs.  
This affects their performance negatively.  This also applies to allowances or fringe 
benefits.  When employees are given the opportunity to select the fringe benefits they 
desire, their job satisfaction tends to increase, resulting in higher productivity. 
3.12.2 Job security  
Fagbenle et al. (2004) assert that job insecurity / employee turnover is a source of low 
productivity. Job security is a motivational tool that gives satisfaction and positively 
affects production levels.  An employee, who knows he / she has a great future in the 
company he / she works for, will invest every effort into the firm to see to the success of 
the firm. However, job insecurity results in low production and high employee turnover. 
3.12.3 A sense of belonging and identification with the project team 
According to Chan et al. (2004), the working relationship of project leaders with others 
affects the construction speed of a project. Employees feel they belong to the firm when 
they are involved in the process of decisions and planning regarding work execution.  
This is achieved through the use of meetings at all levels of the organisation. The 
various ideas of employees are harnessed and incorporated in the planning and 
execution of work.  Therefore workers feel they belong to the firm and contribute more 
effectively and work harder. 
3.12.4 Recognition of contribution 
Recognition of contribution is praise for accomplishment or credit for work done.  
Employees are encouraged to higher performance when they are recognised for work 
well done.  Cox et al. (2003) conclude that on-time completion of work could be used as 
a performance indicator. A good manager should appreciate contributions to work 
especially when it is exceptional of workers.  Recognition of contributions is a good 
motivator for higher productivity. 
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3.12.5 Opportunity for extend skills and experience through learning a means of 
           job satisfaction and higher productivity 
Walker and Shen (2000) point out that skills gaps which are labour related, negatively 
affect project delivery.  Wahab et al. (2008) declare that, despite the wide spectrum of 
factors affecting construction productivity, it is notable that workforce skills development 
and training featured as a commonly cited factor that affects timely project delivery 
(Naoum, 2001).  
Conti (2005) found that training has a positive and significant effect on productivity. 
Brown et al. (2004) conclude from a study titled „The Relationship between Human 
Capital and Time Performance in Project Management: a path analysis’ that 
performance will improve with increased investment in human capital. Training helps 
workers to be abreast of modern technology.  An employee is prompted to work harder 
with modern types of equipment and tools. Opportunities for workers to gain knowledge 
and technological know-how will enable them to be more productive.  Robbins (2001) 
concurs that employees tend to prefer jobs that give them opportunities to use their 
skills and abilities and offer a variety of tasks. Bassioni et al. (2005) say that leaders 
creating an environment for empowerment, innovation, learning and support will drive 
performance. Empowerment, innovation, learning and support are factors that drive 
performance in organisations. Couto and Teixeira (2005) conclude that learning 
increases productivity by 15%.  
3.12.6 Equitable reward relative to others input to the project  
One factor that dampens morale is inequality.  When there is equality in the distribution 
of reward relative to input, the situation in which workers exhibit low morale is eliminated 
and keeps production at a high level. 
3.12.7 Exercise of power 
When employees are given the opportunity to exercise power within their limits, they are 
happy and this positively affects production.   
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3.12.8 Opportunity for career advancement for future benefit 
Odusami et al. (2003) point out that a project manager‟s professional qualification has a 
significant relationship to the overall project performance. Fraser (2000) concludes that 
construction site managers that actively seek career development exhibit behaviour 
which is effective regarding construction performance. Arditi and Mochtar (2000) identify 
four factors to be considered for productivity improvement; of these, labour training is 
rated as the third most important factor for consideration. This could be by way of formal 
or informal education.  An employee, who recognises that his / her career could be 
advanced by the organisation he / she works for, will contribute his / her best to the 
progress of the organisation. 
3.13 Site ground conditions 
The site ground of any project could have features that could affect the speed of 
construction. These features could be underground service ducts, a high water table, 
existing structures and other elements such as service pipes. Blisman et al. (2004) state 
that among the ten most influential factors of project delivery, unique site features was 
found to have significant influence. Achanya et al. (2006) declare that site conditions 
with a weighting of 24.1% among six critical construction conflicting factors negatively 
affects project delivery time. Site conditions may range from the nature of demolition 
work, the structural stability of ground to the extent of ground contamination. The 
following site ground conditions that influence project delivery time are listed below: 
 Nature of demolition work; 
 Nature of restoration work; 
 Structural stability of ground; 
 Extent of ground contamination; 
 Extent of archaeological finds; 
 Impact of the water table; 
 Impact of underground services, and 
 Impact of underpinning existing structures. 
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3.13.1 Nature of demolition work 
Jefferies (2006) mentions critical success factors that have been considered by several 
authors and when these success factors are given adequate attention, there may be a 
reduction of their effect on delay regarding project delivery. One of these is the effect of 
existing structures. Existing structures on site may impact on the speed of delivery of 
projects.  Nature implies: type; characteristic, and features of existing structure. These 
suggest the type of demolition to be employed.  Situations that require large amounts of 
concrete to be demolished affect project delivery. In cases where high rise structures 
are to be demolished, the extent of protection to be given to adjacent structures and the 
time it will take to safely demolish and cart away debris from existing structures may 
negatively affect the delivery time of a new structure. 
3.13.2 Nature of restoration work 
Restoration work requires the engagement of the services of a specialist, due to the 
level of complexity involved in realising such projects. A specialist contractor is engaged 
in order to avoid losses of materials, life and equipment that may arise in case an 
existing structure collapses as a result of lapses in construction techniques. In the event 
of such a collapse, the project delivery time becomes unpredictable. 
3.13.3 Structural stability of ground 
Ahmed et al. (2003), cited by Alaghbari et al. (2007), say that external factors such as 
poor site conditions (ground) causes significant delays in building construction projects. 
In addition, Wiguna and Scott (2006) state that unforeseen site ground conditions are 
potential risk factors to the performance of projects. 
As an illustration, in cases where it is discovered that the soil is made up of low bearing 
capacity, and a comprehensive soil test was not carried out prior to construction, 
significant time related problems may arise. This is so because in order to remedy the 
situation a thorough soil examination will not only be sanctioned, but the unsuitable soil 
will be cut and carted away.  This corrective process takes time and may adversely 
affect the delivery time, and also lead to an increased final cost of the project or, in 
extreme situations, the abandonment of the project. 
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3.13.4 Extent of ground contamination 
According to Blisman et al. (2004), many unforeseen difficulties can be encountered 
during production due to lack of testing and investigation of a site soil. This may lead to 
delay in the delivery of projects. Soil might be contaminated due to chemical deposits 
which may result in weakening the strength of the soil.  It is advised that a soil test be 
carried out to reveal the characteristics of soil on site ground.  When soil contamination 
is encountered to reasonable depth on site, the soil must be excavated and removed 
from site, and suitable material must be deposited as refill and compacted according to 
the strength requirements of the soil. This process may negatively affect delivery of the 
project to schedule. 
3.13.5 Extent of archaeological finds 
When many archaeological findings are found on site, it may affect construction speed 
and impact delivery time negatively.  In this case, excavation and removal, filling and 
compaction are suggested, similar to the aforementioned process in Section 3.13.4. 
3.13.6 Impact of water table 
On construction sites where the water table is close to the natural ground level, 
excavation becomes a problem.  The depth of the foundation to the structure, which 
might be deep, may necessitate the draining of water while excavation is going on. An 
appropriate construction method such as a dry mix may be the best option for casting 
the foundation in order to minimise the negative effect of the site condition on project 
delivery time. 
3.13.7 Impact of underground services 
Where hidden / unknown service ducts are discovered on site along the path of the 
proposed structure, the construction programme may be in jeopardy. The removal of the 
buried service ducts may involve the use of more resources that have cost and time 
implications. Therefore, thorough site investigation is advocated prior to the design 
stage of construction projects. The processes of diverting services duct may take longer 
than expected, thereby affecting delivery time. 
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3.13.8 Impact of underpinning existing structures 
There are situations where a new foundation is to be constructed beneath an existing 
structure on site. The process might take longer than estimated, due to the type of soil 
encountered during excavation, the type of structure to be constructed or the method / 
technology of construction involved.  All of the above may have an adverse effect on the 
delivery time of the new structure. 
3.14 Site access 
Site access refers to the ease with which machines, materials and human resources 
enter the site. The factors of site access that influence project delivery time are listed 
below and discussed thereafter. They include: 
 Proximity to required resources; 
 Narrowness of road, therefore putting projects at a disadvantage; 
 Congestion at site entry / exit points; 
 Storage space at or near ground level; 
 Storage space at upper levels, and 
 Requirements in terms of restrictive hours. 
3.14.1 Proximity to required resources  
Roads to construction sites must be accessible by vehicles throughout the year.  Often 
vehicles break down as a result of substandard surfacing materials used for road 
construction, which erode the road surface and create potholes. Also, vehicles can get 
stuck in the ground as a result of the type of surfacing material with which the road is 
made. A tarred road is advantageous to the flow of vehicles which often bring delivery 
materials to the construction site. This increases the rapidity of delivery of materials. 
According to Tam et al. (2002), the site‟s proximity and access to the required resources 
ensure that work on buildings and other construction activities is not impeded by the 
thoughtless storage of materials along site access roads. 
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3.14.2 Narrowness of roads put projects at a disadvantage 
Zayed et al. (2005) suggest that road conditions may adversely affect the delivery of 
materials to the site and cause delays in the execution of the work. The narrowness of 
the road impedes vehicular flow to the site. This may lead to stagnation / slow flow of 
traffic for vehicles. Sometimes accidents occur due to the narrowness of the road and 
result in the delay of delivery of materials, machines and human resources. It is advised 
that the width of the carriageway of roads leading to site be wide enough to 
conveniently accommodate the flow of two vehicles at any given point. 
3.14.3 Congestion at site entry / exit points 
According to Zayed et al. (2005), traffic conditions can enhance or impede the delivery 
of materials to site. Delivery of materials to the site directly affects productivity when 
traffic accessibility to the site is difficult. It is important to note that congestion may affect 
the smooth flow of activity on site especially at the entrance to the site. Therefore, 
entrances to sites should be free from congestion at all times in order to allow free 
vehicular movement. Specifically, site planning and housekeeping featured prominently 
among twenty key factors that affect construction site H&S performance (Jannadi and 
Bu-Khamsin, 2002). The key factors were selected from one hundred and thirty-five 
factors that directly affect site H&S performance. 
3.14.4 Storage space at or near ground level  
Another factor that is vital to site access is storage space. Storage spaces should be 
close to vehicle entry points on construction sites. This will ensure site activities are not 
disrupted during material delivery and offloading on site.  When storage space is far 
from entry points to site, site activities may suffer stoppages due to the time required for 
material offloading and the need to ensure that proper H & S is in place in the work 
area.  The cumulative effect of these, negatively affects project delivery time because of 
the time required to reorganize workers and restart work. Furthermore, Elbeltagi et al. 
(2001) state that during the construction phase of a project, site layout may be efficiently 
reorganized at various intervals to satisfy schedule requirements as well as maintain 
site H & S and productivity. 
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3.14.5 Storage space at upper levels 
Storage spaces at upper levels put the project and contractor at a disadvantage. With 
respect to the project, offloading materials will be associated with time wastage and 
damage. Similarly, contractors incur additional costs due to disruptions to other 
activities. Storage spaces of materials should be provided at the lower level areas on 
site. This will minimise accidents which could cause damage and ultimately increase 
time relative to material supply (replacement). In addition, a storage space at lower 
levels makes the process of stocking of materials much quicker. 
3.14.6 Requirement for restrictive hours 
Restrictive work hours on site can cause delays to a project‟s delivery time. This factor 
can have a significant impact when the cumulative effect is looked at. Activities that 
could cause restrictions include the lifting of heavy materials to high levels with a crane 
because some activities will be stopped. 
3.15 Constructability of design 
Mbamali et al. (2005) define constructability as a system for achieving optimum 
integration of construction knowledge in the building process through the balancing of 
the various environmental constraints to achieve maximisation of project goals and 
building performance. Constructability is the optimum use of construction knowledge, 
experience in the conceptual planning and field operations, detail engineering and 
procurement to achieve project objectives (Nima et al., 2001). The following will be 
discussed in this section:  
 Concept of constructability; 
 Principle of constructability; 
 Constructability: stages of consideration, and 
 Factors that influence constructability of design. 
3.15.1 Concept of constructability 
The construction industry is renowned for its lack of integration between design and 
construction. The traditional construction system promoted a situation where designers 
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had little direct communication with contractors in terms of how the work would be 
constructed. Contractors had no opportunity to promote their contribution within the 
procurement system. Thus a lack of concern for constructability reviews at the briefing 
and design stage has far reaching consequences at the construction stage. These were 
most likely the reasons for the many difficulties experienced during the construction 
phase, and faults and defects observed during occupation. But over the years the 
construction industry has developed a unique system of inter-relationships between the 
contractual parties. Specifically, as a result of constructability reviews, fewer problems 
are encountered during the construction phase of projects. 
Historically, the concepts of constructability and buildability emerged in the USA and the 
UK respectively in the late 1970s, as a result of studies into how improvement that can 
increase cost efficiency and quality in the construction industry can be achieved. The 
approach is based on integrating the design and construction process. 
3.15.2 Principle of constructability 
The Oxford Dictionary (2001) defines principle as the general law that is used as a basis 
for a system. There are twelve major principles of constructability, namely: 
 Integration – it must be an integral part of the project plan;  
 Construction knowledge – project planning must actively integrate construction 
knowledge and experience; 
 Team skills – the experience, skills and composition of the project team must be 
appropriate for the project; 
 Corporate objectives – project team must understand the client‟s corporate and 
project objectives; 
 Available resources – the skills and resources available must be matched to the 
technology of the design solutions; 
 External factors – consideration and adequate provision must be given to the 
effect of external factors in order not to affect the cost and program of the project; 
 Programme – the project team must be committed and adhere strictly to 
construction programme; 
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 Construction methodology – the construction methodology must be carefully 
considered during design; 
 Accessibility – accessibility must be considered at the design and construction 
stages of the project; 
 Specification – at the specification development stage the construction efficiency 
must be considered; 
 Construction innovation –  the use of innovative techniques during construction 
will enhance constructability, and  
 Feedback – post-construction analysis should be kept for application on similar 
future projects (Trigunarsyah, 2004). 
3.15.3 Constructability: stages of consideration 
Trigunarsyah (2004) identifies four stages of constructability implementation on a 
project. The stages are: during conceptual planning, during design, during procurement 
and during the construction stage. There are numerous factors for consideration at each 
stage.  
3.15.3.1 Factors for consideration at the conceptual planning stage 
 Developing a project execution plan that includes constructability; 
 Developing and utilising a construction-sensitive schedule; 
 Considering modularisation, pre-assembly, and pre-fabrication; 
 Using early construction input to formulate contracting strategy; 
 Using early construction input to assess labour capabilities and availability; 
 Using early construction input to develop conceptual site layout; 
 Considering major construction method in developing basic design approaches; 
 Considering external factors, and 
 Using early construction input to develop a risk management plan.  
3.15.3.2 Factors for considerations at the design stage   
 Investigating the project site and design requirements thoroughly; 
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 Detailing design schedule compatible with the overall construction-sensitive 
schedule; 
 Making a special effort to standardise design elements; 
 Allowing a practical sequence of construction operations; 
 Checking the design for pre-assembly and / or modularisation; 
 Analysing accessibility of the job site; 
 Employing a 3D-CAD to avoid physical interference; 
 Employing an outside constructability consultant; 
 Investigating any suspected unrealistic or incompatible tolerances; 
 Considering adverse effects of weather when selecting materials or deciding on 
construction method; 
 Designing the building for the skills available, and 
 Designing for healthy and safe construction. 
3.15.3.3 Factors for consideration at the procurement stage  
 Whether the work packaging was well thought out; 
 Whether the schedule effectiveness of past projects was considered in selecting 
vendors and subcontractors; 
 Whether critical pieces of equipment that should be monitored closely were 
identified on drawings; 
 Whether the constructor has been consulted to determine if any equipment 
required special rigging procedures or additional cranes; 
 Whether major vendors participated in the constructability effort, and  
 Whether local content requirements for material and equipment procurement 
were considered. 
3.15.3.4 Factors for consideration during the construction stage 
 The percentage of design complete when the construction contract is awarded; 
 Review appropriate lessons-learned; 
 Whether the owner or designer has obtained contractors‟ input relative to the 
design; 
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 Whether the contractor utilised optional pre-assembly; 
 Innovative construction method, and  
 Whether the construction method is labour-intensive. 
All these factors are important for a constructible design. 
Trigunarsyah (2004) states that: there are five stages of constructability review 
considerations in a project life cycle. They are: 
 The conceptual planning and briefing;  
 Design;  
 Procurement; 
 Construction, and  
 Post-construction stages. 
The briefing stage: Constructability is a fundamental prerequisite to a successful brief. 
Designers should have empathy for the construction sequence of the client‟s 
requirements. In addition, they must be able to give advice regarding the planning and 
legislative requirements to the client. 
The design stage: At this stage a final sketch design is developed, having satisfactorily 
completed the brief stage based on constructability considerations. The sketch design 
will depict:  
 Layout;  
 Structure, and  
 Construction completed to the clients‟ satisfaction.  
Important factors regarding constructability at this stage are:  
 Scrutiny for alternative design solutions;  
 Ergonomics of layout, both internally and externally, and 
 Determination of how the design solution can directly increase ease of 
construction on site. 
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Construction phase: This is the stage where the contractor has the responsibility of 
translating the requirements of the project documentation, drawings and specification 
into a physical structure. At this stage constructability is primarily the responsibility of 
the contractor. All aspects of site production processes must be influenced by 
constructability considerations. The contractor is expected not only to liaise and work 
with the design team and other consultants, but also provide feedback on the 
construction phase for future analysis. The contractor is to ensure that the subcontractor 
and specialist contractor‟s inputs during the construction process favour constructability. 
In addition, Nima et al. (2001) formulate twenty-three constructability enhancement 
factors that are applicable to various stages of construction. He called them concepts 
C1-n. Seven concepts were formulated for the conceptual planning stage. They are: 
 C1 – The project constructability programmes should be discussed and 
documented within the project execution plan with inputs from all the project 
team members; 
 C2 – A project team that includes representatives of the owner, engineer and 
contractor should be formulated  and maintained to take the constructability issue 
into consideration from the outset of the project and throughout all the other 
phases of the project; 
 C3 – Individuals with current construction knowledge and experience should 
produce the early project planning so that interference between design and 
construction can be avoided; 
 C4 – The construction methods should be taken into consideration when 
choosing the type and the number of contracts required for executing the project; 
 C5 – The master project schedule and the construction completion date should 
be construction-sensitive and should be assigned as early as possible; 
 C6 – In order to accomplish the field operations easily and efficiently, major 
construction methods should be discussed, and analysed in-depth as early as 
possible to direct the design according to these methods, and 
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 C7 – Site layout should be studied carefully so that construction, operation and 
maintenance can be performed efficiently and to avoid interference between the 
activities performed during these phases. 
In addition to the seven concepts designed for the conceptual planning stage, there are 
also concepts applicable to the design and procurement phase. They include:  
 C8 – The design and procurement schedule should be dictated by construction 
sequence. Thus, the construction schedule must be discussed and developed 
prior to the design development and procurement schedule; 
 C9 – In the construction industry, the use of advanced information technology is 
important to any field, including the construction industry. Therefore the use of 
those technologies will overcome the problem of fragmentation into specialised 
roles in this field and enhance constructability; 
 C10 – Designs, through design simplification by designers and design review by 
qualified construction personnel, must be configured to enable efficient 
construction; 
 C11 – Project elements should be standardised so that they will never affect the 
project cost negatively; 
 C12 – The project technical specification should be simplified and configured to 
achieve efficient construction without sacrificing the level or the efficiency of the 
project performance; 
 C13 – The implementation of modularisation and preassembly for project 
elements should be taken into consideration and studied carefully. 
Modularisation and preassembly design should be prepared to facilitate 
fabrication, transportation and installation; 
 C14 – Project design should take into consideration the accessibility of 
construction personnel, materials and equipment to the required positions inside 
the site, and 
 C15 – design should facilitate construction during adverse weather conditions. 
Efforts should be made to plan for the construction of the project under suitable 
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weather conditions; otherwise the designer must increase the project elements 
that could be prefabricated in workshops. 
Nima et al. (2001) also specify concepts that are to be taken into account during the 
field operation phase of construction. Project constructability enhancement factors that 
should be noted during field operations follow: 
 C16 – Field tasks sequencing should be configured in order to minimise 
damages or rework of some project elements, minimise scaffolding needs, 
formwork used, or congestion of construction personnel, material and 
equipment; 
 C17 – Innovation in temporary construction materials / systems, or implementing 
innovate ways of using available temporary construction materials / systems that 
have not been defined or limited by the design drawings and technical 
specifications will contribute positively to the enhancement of constructability; 
 C18 – Incorporating innovation of new methods in using off-the-shelf hand tools, 
the modification of the available tools, or the introduction of new hand tools that 
reduce labour intensity, increase mobility, safety or accessibility will enhance 
constructability at the construction phase; 
 C19 – The introduction of innovative methods for using the available equipment 
or modification of the available equipment to increase their productivity will lead 
to better constructability; 
 C20 – In order to increase productivity, reduce the need for scaffolding, or 
improve the project constructability under adverse weather conditions, 
constructors should be encouraged to use any optional preassembly; 
 C21 – Constructability will be enhanced by encouraging the constructor to be 
innovative when creating temporary facilities; 
 C22 – Good contractors, based on the quality and time frame of their work, 
should be documented, so that contracts for future construction works would not 
be awarded based on low bids only, but by considering other project attributes, 
i.e. quality and time, and 
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 C23 – Evaluation, documentation and feedback of the issues of the 
constructability concepts should be maintained throughout the project. The 
record can be used in later projects as lessons learned. 
3.15.4 Factors that influence constructability of design 
This section discusses factors that influence constructability of design. These include: 
 Extent of grouping simultaneously; 
 Extent of use of modular dimensions in design; 
 Knowledge of the performance of materials and components; 
 Effective constructability review of design; 
 Participation in site inspections and control;   
 Scope of site fabrication; 
 Complexity of off-site fabrication of components; 
 Appropriateness of the working space, its impact on smooth activity workflow and 
sequencing;    
 Implications on trade coordination; 
 Appropriateness of design tolerances, and 
 Impact of materials storage and movement 
3.15.4.1 Extent of grouping simultaneously 
The extent to which similar kinds of work can be grouped together is an indication of 
how fast a design can be constructed. Works such as fixing of electrical wires into pipes 
foe switches and sockets allow projects to gain time, because the wires to many 
switches and socket outlets can be contained in one pipe, with minimum cost. The 
extent to which a design can easily be changed also reflects how easily it can be 
constructed.  Designs that are not subject to changes could have an adverse effect 
when errors are committed during construction. These errors could be design or 
construction related errors. 
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3.15.4.2 Extent of modular dimension in design 
The utilisation of modularity in design facilitates easy and fast construction. The use of 
standard modules promotes standard sized materials and mitigates cutting. When 
standard items are customised in this way, projects may be completed more speedily. 
Additionally, the incorporation of these standard units in design can eliminate the delays 
relative to cast in-situ operations. 
3.15.4.3 Knowledge of performance of materials and components  
The knowledge of performance of materials and components provides opportunities for 
alternatives.  Trigunarsyah (2007) suggests that the concept of constructability revolves 
around optimising the use of construction knowledge and experience provided by 
knowledgeable and experienced construction personnel who are part of the project 
team. The project managers, engineers, architects, and contractors should be 
knowledgeable about the characteristics and performance of materials and components 
integrated in the construction.  This eliminates possible situations of delay which would 
have been caused by the non-availability of materials and also remedies the situation 
through informed substitution of materials and components. 
3.15.4.4 Effective constructability review of design 
Yates and Battersby (2003) suggest that designers must receive construction training 
prior to starting their design careers. This will aid the integration of construction 
experience into their designs for buildable designs. Designs should be reviewed to 
check for conformance with constructability.  This process should be carried out at the 
design stage, so that the constructability count / rate of design is known before the 
contract is awarded. The process eliminates situations that could delay project delivery 
as a result of constructability issues of the design. 
3.15.4.5 Participation in site inspection and control   
Effective participation in site inspection by all parties involved in the project is important. 
This process helps to discover the conformity of the construction to specifications and 
identify deviations.  In this way errors are discovered early and are dealt with promptly. 
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3.15.4.6 Scope of site fabrication  
The scope of off-site fabrication is an indication of the extent to which design could be 
easily constructed. A large scope of off-site fabrication is a likely indication of delays to 
the delivery of the project.  Attributes such as fixing problems and delivery of 
prefabricated components to the site may constitute delay.   
3.15.4.7 Complexity of off-site fabrication components 
Arditi et al. (2002) declare that the probability of a problem occurring on a less complex 
project is low compared to a complex project. Complexity refers to the intricacy of 
construction and associated problems. Probable problems include design mistakes, 
poor quality and inaccuracy of dimensions.  These associated problems may lead to 
delays in the delivery of the project. Trigunarsyah (2007) is of the opinion that 
constructability is enhanced when designs are simplified to enable efficient construction. 
This allows good planning of work and site layout. 
3.15.4.8 Appropriateness of working space, its impact on smooth activity 
     workflow and sequencing    
Overcrowded work sites may cause conflicts in the work process, which may result in 
the decline of the effectiveness of operators.  The lack of appropriate working space 
and congestion on the site can contribute to the slow progress of work. Two or more 
activities could be performed at the same time on site when there is enough space, but 
as a result of inappropriate working spaces, activities are often delayed and they have a 
resultant negative effect on the delivery time of the project. Congestion on site may 
adversely affect storage and movement of materials. Due to congestion, materials may 
have to be brought on to the site piece by piece which may have a negative impact on 
the smooth activity workflow due to the period of waiting to replenish stock.  This 
constitutes delays. 
3.15.4.9 Implications upon trade coordination 
Congestion on site may lead to difficulty in the coordination of trades. During the 
process of planning work activities, mistakes might be made in the form of two different 
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trade activities occurring simultaneously in the same work area with no space to work. 
This may lead to a delay in the project. 
3.15.4.10 Appropriateness of design tolerances 
Trigunarsyah (2007) posits that constructability will be enhanced when owner, designer, 
and constructor personnel review the construction specification in detail. For instance, 
through this review tolerances for steel fixing will be noted and adequately provided for. 
The major factor to note during off-site fabrication is the provision of allowances for on-
site fixing.  In situations where the tolerance provided is not appropriate, two steps 
might be taken: re-fabrication or forging to allow for appropriateness.  These two 
activities require time which is additional to the initial estimated period and may 
constitute delays when there is a large volume of such work. Arditi et al. (2002) suggest 
that faulty working drawings and incomplete specifications are the major constraints 
relative to constructability of designs. When dimensions are inaccurate, it leads to 
stagnation of work. Corresponding dimensions of a design must be the same, so must 
be the length and breadth and the dividing of space should correspond dimension-wise. 
3.15.4.11 Impact of materials storage and movement 
Materials should be available when required, in order to enhance production or maintain 
a constant production level.  Storage for materials should be away from production 
points, but not too far. Interruptions of the smooth activity workflow and activity 
sequencing may negatively affect production levels when storage places are close to 
the production area.  Activity sequencing is the particular arrangement of activities in 
such a way that the activities are executed chronologically without delay and the 
construction team can meet the completion deadline. When activities on a critical path 
of a project are disrupted, the project is bound to take longer than estimated to 
complete.  Congestion on site is one factor that constrains adherence to activity 
sequencing. 
3.16 Management style 
Management style deals with the personal attributes possessed by the manager in 
managing an organisation. Managers operate within an organisation and manage the 
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functions of an organisation.  There are nine recognised functions in an organisation 
(Smallwood, 2006): 
 General management – the act of practising the principles of management; 
 Production – the outcome of the processing of construction input; 
 Procurement – the sum of the activities involved in the delivery of a project; 
 Marketing – the process of sourcing for the buyer (investment) into 
construction products; 
 Financial – the processes involved in sourcing for funds required for the 
procurement of a project; 
 Human resources – the processes of selection, training and utilisation of 
labour; 
 Public relations – the act of giving back to the community; 
 Legal – the processes of settling conflicts and disputes among construction 
professionals, and 
 Administrative and information technology – the processes of documentation 
and running the business using advance technology. 
These nine functions of an organisation are interdependent. Production is the outcome 
of the interplay of the eight functions in an organisation. The top and middle 
management provide leadership, are accountable for and direct resources. Only people 
with the requisite competencies should manage these functions and influence projects 
through their actions. 
These attributes possessed by managers that enable them to succeed are called 
competency. Rees and Porter (2001) define competence as the skills or knowledge 
possessed by individuals that enables them to manage an organisation successfully. 
Smallwood (2006) states that competencies can be divided into two categories: 
threshold or surface, which are required to be minimally effective and differentiating or 
core, a yardstick for superior performers. 
The threshold or surface competencies are: 
 Knowledge – information regarding content, and 
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 Skills – the ability to perform a task. 
The differentiating or core competencies are: 
 Self-concept – values, aptitude, attitude and self-image; 
 Traits – self-confidence, being a team player and handling ambiguity, and 
 Motives – focusing on client success and preserving organisational / personal 
integrity. 
According to Singh (2004), competences can predict performance. Goals need to be 
defined before actions are taken and performance measured. There are three types of 
goals, namely: 
 Organisation-wide goals – these include objectives pertaining to future directions 
for large segments of the organisation population;   
 Task-oriented goals – they are specific objectives assigned to an individual or 
small group of individuals, and 
 Personal goals or level of aspirations – these are goals set by the individuals 
themselves.  
Fryer (2004) points out that many kinds of leadership study have taken account of the 
leader‟s competence or ability, either in the limited sense of technical ability or the wider 
sense of competence to lead. For an effective and efficient management of human 
resources, both the technical ability and competence to lead must be employed and 
could be referred to as management style.  
The technical ability concerns the laying down of the construction methods and the 
drawing up of the schedule of works. The competence to lead refers to the motivation 
and support given to workers. 
Griffith and Watson (2004) identify three management styles. These are exemplified by 
the following types of leaders: 
 Autocratic leaders: They give orders which they insist shall be obeyed; determine 
policies for the group without consulting it; give no detailed information about 
future plans but simply tell the group what immediate step it must take; give 
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personal praise or criticism to each member on their own initiative and remain 
aloof from the group for the greater part of the time; 
 Democratic leaders: They give orders only after consulting the group; see to it 
that policies are worked out with the acceptance of the group, which is critical for 
effective implementation; never ask people to do things without sketching out the 
long-term plans on which they are to work; make it clear that praise or blame is a 
matter for the group and participate in the group as a member, and 
 Laissez-faire leaders: They do not lead, but leave the group entirely to itself and 
do not participate. 
Griffith and Watson (2004) further divide autocratic and democratic leaders into the 
following: 
 Autocratic leader:  
o Strict;  
o Benevolent, and  
o Incompetent autocrat. 
 Democratic leader:  
o Genuine, and  
o Pseudo-democrat. 
3.16.1 Factors influencing management style 
The factors that influence management style are enumerated and discussed below. 
These include: 
 Setting specific goals people are to achieve; 
 Organising the work situation for people; 
 Setting time lines; 
 Providing specific direction; 
 Conducting regular updates on progress; 
 Providing support and encouragement; 
 Involving team members through discussion of work, and 
 Seeking people‟s opinion and concern. 
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3.16.1.1 Specific goals people are to achieve 
Pheng and Chuan (2005) state that the defining of goals affects project performance 
positively. The overall goal of an activity must be set out for each individual.  This will be 
the driving force for day-to-day achievement and overall accomplishment of the goal.  
Goal-setting can inspire and motivate sub-ordinates, especially if their achievement is 
linked to remuneration. It also provides an effective means of evaluation and control (Du 
Toit et al., 2007). Additionally, when staff participate in the decision-making process of 
the organisation, it creates a sense of belonging which leads to individuals paying 
greater attention to their jobs. These create an environment conducive for work, 
resulting in high productivity. 
3.16.1.2 Organise the work situation 
One of the factors influencing performance in construction projects is sequencing of 
work and the allocation of crew sizes.  Rojas and Aramvareel (2003) are of the opinion 
that out-of-sequence scheduling of work may result in a loss of momentum.   Walker 
and Shen (2002) suggest that contractor-related factors such as poor site management 
and supervision are major causes of delays in project delivery. Lack of organisation 
creates a situation of confusion and chaos, a situation in which no meaningful progress 
can be made.  A site that is well laid out, in which offices, storage, and work spaces are 
well defined, aids the smooth flow of work. 
3.16.1.3 Set time-lines 
For the achievement of targeted production, time limits should be set for each task to be 
carried out.  A bricklayer has a certain number of bricks to lay per day, depending on 
the type of brick.  A fitter has a certain number of tones / kilograms of steel to bend or 
cut for a day‟s wage, and this applies to all trades.  Based on this analogy, time lines 
are set for the achievement of each activity in order to avoid delay as clear time-lines 
promote more efficient and goal-driven work. 
3.16.1.4 Provide specific direction 
Managers or site engineers are supposed to provide specific direction on what must be 
done and how it must be done.  Bassioni et al. (2005) declare that one factor that 
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enhances performance is the development of the organisation‟s mission, vision and 
values by a leader and communication of these attributes to the workforce. Pheng and 
Chuan (2005) conclude that thirteen factors affect project performance negatively, 
among which is the availability of information. When this is lacking, errors may occur, 
which may lead to poor workmanship and repetition of work.  When these situations 
occur, the project will experience delays. 
3.16.1.5 Conduct regular updates on progress 
Edum-Fotwe and McCaffer (2000) identify management skills such as time 
management and leadership as having a positive effect on construction project delivery. 
Chan et al. (2004) argue that a project leader‟s commitment to time affects the delivery 
of a construction project. A work schedule is a tool that is used to monitor the progress 
of work.  In order to avoid delays in project delivery, the performance of the project 
should be evaluated regularly on this through work schedule.  This helps in identifying 
areas of poor performance, so that the reasons for this lag in performance may be 
uncovered and solutions found. 
 3.16.1.6 Provide support and encouragement 
Odusami et al. (2003) conclude that a project manager‟s leadership style has a 
significant relationship to overall project performance. The provision of support entails 
making available all that is needed by a worker to help him / her perform optimally.  
Chan et al. (2004) point out that support and provision of resources positively affects the 
construction of a project. In addition, Andawei (2003) concludes that a slip in the project 
schedule is common in construction projects, and that one of the criteria for effective 
project control is for management to provide support.  Dai et al. (2007) say that the non-
availability of tools negatively affects the productivity of a worker. Recognition of the 
performance of a worker provides encouragement for him / her to maintain the standard 
of his / her performance. 
3.16.1.7 Involve team members through discussion of work 
Chan et al. (2004) declare that the working relationship between the project team leader 
and the team members affects the speed of a construction project. Management should 
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ensure that employees know their contribution is valued by the organisation, for 
instance, by soliciting their ideas on the project and solving their challenges in a forum 
designed to gather this information and deal with problems. This eliminates stagnation 
of work, mistakes and poor workmanship, which contribute to delays on construction 
projects. 
3.16.1.8 Seek people’s opinion and concern 
Management of an organisation should not only be concerned about work performance, 
but also about staff welfare. Management should not turn a blind eye to staff challenges. 
There should be a means for the personal challenges of workers to be made known to 
management. The labourers and skilled labour are those who perform construction 
activities with guidance from management staff, therefore their health is crucial to the 
speedy completion of a project. These are all factors that create job satisfaction and 
boost productivity. 
3.17 Management techniques used for planning and control 
Pongpeng and Liston (2002) identify project planning as one of the five criteria that a 
contractor is required to fulfil. Faridi and El-Sayegh (2006) identify forty-four factors 
causing delays in construction projects and of these, inadequate early planning of a 
project is rated the second most influential factor. Similarly, Dvir and Lechler (2003) 
assert that project success is positively affected by the quality of planning. Sambasivan 
and Soon (2007), state that a contractor‟s improper planning tops the ten most 
important factors causing delays on project delivery. Trauner et al. (2009) declare that in 
order to ascertain the efficiency of a planning tool, particularly the bar chart, the as-built 
diagram should be compared with as-planned diagram. 
There are several planning tools available to control and evaluate the performance of a 
project relative to time and cost. Specifically this research work will limit itself to 
planning tools in relation to time. These planning tools / techniques include: 
 Bar chart; 
 CPM; 
 Line of Balance; 
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 Horse Blanket, and 
 S-Service 
In this section the first three of the above-mentioned planning tools will be discussed. 
Planning is a tool used to provide information required to react to deviations or missed 
milestones, but does not help much in preventing problems and deviations from 
occurring in the first place (Alaskini et al., 2003). Planning the construction duration to 
ensure adequate construction speed is important for project success (Stoy et al., 2007). 
Steyn et al. (2004) argues that project scheduling is necessary to determine what work 
must be done and the information to determine what resources such as human 
resources, equipment, facilities, and funds, should be available at any time. One 
objective of project scheduling is to provide plans that are well thought out and realistic. 
If scheduling is not done properly, delays and inefficient use of resources may 
eventuate, for example, certain resources might be left idle because other activities 
have not been completed in time. 
In addition, Steyn et al. (2004) notes that a project schedule is necessary to determine 
the cash flow and the amount of money to be made available for the project at every 
stage. Furthermore, it is necessary to determine the workload of every individual. 
Project time management is important to ensure that work is performed according to the 
schedule and to achieve this, the first exercise to do is project scheduling. 
3.17.1  Gantt Charts 
According to Nicholas (2004), the Gantt chart is the simplest and most commonly used 
scheduling technique. Steyn et al. (2004) and Nicholas (2004) state that it is sometimes 
called a bar chart. According to Patrick (2004), the chart shows a list of activities and a 
bar that indicates the start and end dates of each activity. It has both horizontal and 
vertical divisions. The horizontal scale is divided into time units - days, weeks, or 
months -  and the vertical scale shows project work elements such as: tasks; activities, 
and work packages.  
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3.17.2 Critical Path method (CPM) 
Nicolas (2004) states that the major use of a network is for scheduling, that is 
determining how long the project will take and when each activity should be scheduled. 
A network consists of several paths. A path is any route comprising one or more 
activities connected in sequence. The longest path from the origin node to the terminal 
node is called the critical path. Activities on this path are called critical activities. If any 
critical activity takes more time than was planned, the whole project will take longer than 
planned. Therefore it is important to identify the critical activities. 
These concepts are illustrated in the following example. A project on robotic self-
budgeting consists of a number of activities (listed in Table 3.1 with the network for the 
Rosebud project presented in Figure 3.4). The most important feature of CPM is that the 
longest activity paths of the project are those critical activities that must be completed 
timeously in order to avoid delay of the project.   
Table 3.1: Activities for the Rosebud Project (Nicolas, 2004) 
Activity Description Immediate 
predecessors 
Duration 
(weeks) 
J System design - 6 
M Hardware purchase and delivery J 4 
V Hardware assembly and test M 6 
Y Software specification V 8 
L Software purchase and delivery J 2 
Q System test L 8 
W User test Y,Q 1 
  W 1 
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Figure 3.4 Network for the Rosebud project (Nicolas, 2004) 
As is evident in this network, there are two paths from the origin node to the terminal 
node. The shorter path (j-l-q-w-x) is 18 weeks long, the longer path (j-m-v-y-x) is 26 
weeks long. The longest gives the duration of the project, and is the critical path. 
Two major criticisms of CPM exist which render its planning an inconclusive exercise. 
The critics say that all work cannot be interpreted beforehand, and all activities of a 
project cannot be defined well enough to be put into a network. Rather, projects ‟evolve‟ 
as they progress. 
3.17.3 Line of balance 
This is a planning tool that is best suited for repetitive works. It is used for planning 
house building, to a lesser extent for jetty work and in conjunction with networks for road 
construction. The basis of the technique is an identification of the required resources for 
each stage or operation so that it does not interfere with the next and the process is 
continued until the operations are completed. 
3.18 Physical environmental conditions 
According to Chan et al. (2004), the physical environment affects the construction of 
projects. Generally, construction activities take place in an open environment, thus 
environmental conditions may have an impact on the conditions of job sites as well as 
workers.  Construction operations are weather-sensitive. 
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3.18.1 Factors that influence the physical environment  
The environmental factors that affect construction delivery time as identified from the 
literature review are:  
 Adverse weather; 
 Natural hazards; 
 Heat; 
 Cold; 
 Noise, and 
 Light.  
3.18.1.1 Adverse weather 
Thomas et al. (1999) declare that adverse weather conditions can cause as much as a 
30% decline in productivity. Highway construction projects are so sensitive to rainfall 
that the complete suspension of an operation may occur as a result of saturated or 
unworkable soil, which will take some days to dry, and paving condition (El-Reyes and 
Mosellini, 2001).  The same applies to casting of concrete in projects, whether it is over 
the site or on high rise structures.  This means that productivity will decline unless 
management devises a method to mitigate the effect of rain. 
Likewise, the thermal environment has physiological and psychological effects on the 
human body.  Working in temperatures out of the comfort zone may reduce productivity.  
Mohamed and Srinavin (2002) posit that productivity reaches optimum levels at the 
optimal thermal comfort. The optimal thermal comfort is the point where workers feel 
most comfortable and thus perform their work most efficiently.  Productivity declines 
with variations from this optimal range. Examples of adverse weather conditions 
affecting construction projects include high winds, snow, rainfall, heat and cold. 
3.18.1.2 Natural hazards 
Natural hazards such as fire and floods adversely affect construction activities.  Upon 
the occurrence of such phenomena, work is automatically brought to a halt on site; this 
has a cumulative effect in that its continuation may lead to delayed delivery. 
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3.18.1.3 Heat 
Mohamed and Srinavin (2004) point out that thermal environment variation affects the 
efficiency of the labour and reduces their productivity. Humans operate effectively in a 
comfort zone that ranges in temperature from about 28 to 36 degrees Celsius.  At 
higher temperatures, productivity declines.  In addition, working in extremely hot 
weather has negative psychological and physiological effects on construction workers: 
too hot an environment tends to reduce worker productivity and often results in 
schedule delays. 
3.18.1.4 Cold 
As with excessive heat, extreme cold decreases productivity.  This is mainly due to the 
distraction and inconvenience of protecting against exposure, obtaining and putting on 
and taking off, as well as working in protective gear. 
3.18.1.5 Noise 
Construction sites are generally noisy, especially in peaks or bursts of construction 
activities at a specific location.  Background noise on construction sites falls into ranges 
paralleling industrial and commercial locations with heavy traffic 70 dB(A).  Noise may 
adversely affect productivity, not only by disrupting communication, but also by causing 
stress and fatigue.  For areas around heavy equipment such as compressors, cranes or 
loaders, the level is possibly 90 dB or more.  Levels of 110dBA or higher have been 
„recorded‟ in other studies on the operating platforms of heavy equipment and around 
pneumatic machinery such as drills and jackhammers.  The constant level of noise is 
sufficient to cause permanent hearing loss. 
The Occupational Safety and Health Administration (OSHA) standard for occupational 
exposure to noise (29 CFR 1910.95) specifies a maximum permissible exposure limit 
(PEL) of 90 dB(A) for a duration of eight hours per day.  For every 5 dB(A) increase in 
noise level, the duration of exposure must be cut in half.  A person who is to be exposed 
to higher levels, for instance 95 dB(A), should only be required to work for four hours 
per day. Noise levels and work hours per day should be within OSHA‟s PEL (Raichel, 
2000). 
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3.18.1.5 Light  
Light is very critical to the execution of work.  Workers need to see to be able to work, 
as no one can work in darkness.  This applies to times when firms need to work at night 
to meet a deadline for project delivery.  Also, in cases where the intensity of light is high, 
it becomes unbearable to the eye and affects productivity.   These phenomena in turn 
adversely affect project delivery time. 
3.19 Economic policy 
Chan et al. (2004) are of the opinion that an unfavourable economic environment 
adversely affects the success of a project. Policy affects the performance of activities 
within the industry at which it is targeted. Policy differs: the various policies of 
government address different areas of the economy. The various types of policies are 
health, planning, transportation, education and economic policy. Economic policy will 
determine the level of the economic activity of a nation in general. In the construction 
industry the economic policy that affects construction activities are the policies on 
inflation and interest rates. Economic policy determines the amount of money in 
circulation and thus the level of construction activity in a country at a given period. 
According to Sloaman (2008), the interest rate is an important determinant of business 
activities. If the interest rate rises, it will be more expensive for businesses to borrow 
and it will lead to a curtailing of investments. Furthermore high interest rates render 
borrowing by the general public expensive. The consequence of this phenomenon is 
that the purchasing power of clients in the construction industry is reduced. This may 
affect the level of construction activity. 
3.19.1 Causes of changes in interest rates 
There are two basic causes of changes in interest rates. They are an increase in the 
supply of money and changes in the demand for money. 
3.19.2 The effects of changes in interest rates 
A reduction in the interest rate will lead to a rise in investment activity, an increase in the 
consumers‟ spending power and borrowing. The opposite occurs when there is an 
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increase in interest rates. An increase in interest rates slows down business activities. 
The impact of monetary policy on business is mainly seen in the demand for and 
repayment of loans. According to Sloaman (2008), inflation refers to the annual 
percentage increase in price. There is virtually no item that is protected from inflation. Its 
effect is seen in household commodity as well as machines, building materials and 
import prices. 
Sloaman (2008) states that when there is inflation we need to be careful in assessing by 
how much national output, consumption and wages are increasing. This means an 
increase in inflation value will result in the necessity to review wages and prices of items 
to arrest the inflation. This has an adverse effect regarding the procurement of building 
facility on clients. 
3.19.3 Factors that are influenced by economic policy 
The economic policy influences the following factors with respect to the construction 
industry:  
 Materials availability; 
 Equipment availability; 
 Trades / operations availability; 
 Supervision / Management staff availability; 
 Indirect impact of interest rates / inflation, and 
 Bankruptcy. 
3.19.3.1 Materials availability 
The availability of materials on site is crucial for the smooth flow of activities. Al-
Kharashi and Skitmore (2009) identify a lack of strategic planning for materials and 
labour as a major cause of delays on project delivery. The basic elements needed for 
construction activities are: cement, gravel, and sand.  These materials should be 
available at all times to avoid stoppage of work. Dai et al. (2007) identify the non-
availability of materials as an impediment to the productivity of a worker. Ng et al. 
(2003) state that the non-availability of materials dampens the morale of workers and 
hampers productivity, while Fagbenle et al. (2004) assert that materials shortages and 
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wastage cause low productivity amongst workers. This factor is directly linked to 
materials requisition and stock taking, which should be done regularly to avoid running 
out of stock of any material. Koushki and Kartam (2004) found that nearly a quarter of 
the 450 projects studied experienced delays, and the reasons for this could be traced to 
late delivery of materials, the period of selection, the type of construction materials and 
their availability at the local market. All of these affect the quantity of time-delays. 
3.19.3.2 Equipment availability 
According to Al–Reshaid and Kartam (2005) the equipment that a contractor has 
available to him / her is one of the major criteria used to measure the performance 
regarding delivery to time in the awarding of contracts. Pongpeng and Liston (2003) 
point out that plant and equipment availability are criteria accredited for contractors‟ 
performance measure. Ng et al. (2003) indicate that equipment availability is one of 
seven de-motivating factors that lower the morale of workers with respect to 
productivity. Equipment consisting of machines and tools make up the plant needed to 
carry out construction activity, be it block laying, steel and wood cutting or coupling of 
something together.  The non-availability of these makes an activity impossible to 
complete.  Inadequate supply or lack of tools and equipment contribute adversely to 
project delivery. Some of the issues relating to equipment and tools that influence 
productivity are lack of proper tools and equipment, insufficient tools and equipment, 
ignoring maintenance programmes, a shortage of spare parts and ignoring the capacity 
of equipment by estimator or project manager. Additionally, O‟Connor and Yang (2004) 
state that the construction industry has been criticised for its slow adoption of emerging 
technologies and conclude that higher levels of project schedule success are 
particularly associated with high a level of technology utilisation for building medium-
sized and expansion projects.  
3. 91.3.3 Trades and operatives availability 
Processes and systems do not operate themselves; they require human resources to 
operate them.  The non-availability of operatives results in work not being executed or 
being delayed.  In addition, inadequate operatives will result in delayed work execution.  
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Rojas and Aramvareekul (2003), state that the interaction between construction tasks 
and resources significantly drives productivity. 
3.19.3.4 Supervision / management staff availability 
According to Fortune and White (2005), support from senior management is a factor 
that positively influences the success of a project. This category of staff provides 
direction, guidelines and control in a project. The majority of the skilled operatives need 
to be told what to do, either daily or weekly.  The lower management staffs supervise 
the work of the skilled workers while the top management oversees the entire system in 
terms of time, quantity of materials, workmanship and cost. Ng et al. (2003) identify 
seven demotivating factors that hinder workers‟ productivity, and delay in inspection 
ranks among them.  When there is inadequate supervision / inspection of work it might 
result in rework, increased project cost, delay and abandonment. Sambasivan and Soon 
(2007) conclude that poor site management on the part of the contractor ranks among 
the ten most common influencing factors causing delays on project delivery. 
3.19.3.5 Indirect impact of interest rates / inflation 
Wiguna and Scott (2006) contend that economic and financial risk in the form of high 
interest rates negatively affects the performance of construction projects. Furthermore, 
their study reveals that high inflation and increased prices have the same impact on the 
performance of projects. These factors affect particular projects where materials and 
goods required for construction have to be imported from outside the country.  The 
exchange rate changes on a daily basis; so too is the interest rate subject to change.  A 
project may be delayed when the funds provided for the importation of a product are not 
sufficient to purchase the product as a result of an increase on interest rates or inflation 
because of the time it will take to source additional funding.  
3.19.3.6 Bankruptcy 
Phua (2006) concludes that difficulty to obtain credit impedes performance. This could 
affect the client or the contractor.  Almost everything answers to money in construction.  
The client needs to pay the contractor and other parties to the contract.  The contractor 
in turn has to buy materials and equipment, pay wages and pay for certain services in 
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order to execute the contract. Frimpong et al. (2003) identify monthly payment 
difficulties from clients as the factor that most often causes delays out of twenty-six 
potential delay factors. Bankruptcy should be guarded against in the awarding and 
execution of projects. Al–Rashaid and Kartam (2005) state that the traditional approach 
of project delivery in the form of  Design-Bid-Build has proven to be inadequate, in 
meeting the public sector owner‟s requirements and expectations, relative to project 
completion within time and budget. As a result, alternative delivery methods such as 
design-build and build-operate–transfer (BOT) are being seriously considered to allow 
public sector owners to overcome the drawbacks of the design-bid-build. During the 
process of pre-qualification for this new delivery method, the financial status of the firm 
is a major criterion in the awarding of a contract to guard against the drawback. 
Contractors that have a good credit standing should be awarded the contract while 
clients should make available enough funds for the execution of the project. 
Furthermore, Blisman et al. (2003) highlighted ten most influential factors on the part of 
construction clients regarding project delivery, among which are volatile business and 
the economic environment of clients which negatively contribute to delays. 
Clause 38.1.3 of the JBCC makes provision for a contract to be cancelled by a 
contractor where the employer fails to provide a payment guarantee in terms of 
payment to be made in section, which is issuing of interim certificates (Clause 15.4 and 
28.1.1 of JBCC). 
The employer can cancel the agreement when the contractor does not proceed with the 
work with due skill, diligence, regularity and expedition (Clause 15.3) and bring the work 
to practical completion in terms of Clause 24.0, works completion in terms of Clause 
25.0 and final completion in terms of Clause 26.0. 
3.20 Socio-political considerations 
Chan et al. (2004) confirm the fact that the political environment affects the construction 
of a project. Fortune and White (2005) in their review of sets of critical success factors 
in sixty three publications listed political stability as one of the twenty-seven critical 
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success factors. Wiguna and Scott (2006) assert that changes in government actions 
are a major external risk factor militating against the success of projects. 
3.20.1 Associated factors that influence socio-political considerations 
In this section, the associated problems of socio-political factors that indirectly affect 
project delivery time are discussed. They include: 
 Civil strife or riots; 
 Influence of protest action-groups, and 
 Disruption due to environmental concerns. 
3.20.1.1 Civil strife or riots 
Agitation for higher wages by construction workers may lead to a delay in the delivery of 
projects. Often inflation and an increase in the interest rate are the causes of agitation 
for higher wages. 
3.20.1.2 Influence of protest-action groups 
The influence of trade unions that construction workers do not belong to might affect the 
smooth flow of work of construction workers.  This could be the result of either the non-
availability of transportation or the closure of the site by a protest-action group. 
3.20.1.3 Disruption due to environmental concerns 
Blismas et al. (2004) indicate that environmental factors exert the greatest overall 
influence on project delivery in a study titled Factors Influencing Project Delivery within 
Construction Clients’ Multi-Project Environments. Fortune and White‟s aforementioned 
study in 2005 also lists adverse environmental influences as being one of the critical 
success factors which impact on project delivery. When general works by municipalities 
or provinces are to be done which affect the area in which the site is located, this may 
affect the smooth flow of work.  Regulations regarding materials storage on roads where 
the site is congested may also affect the flow of activities. It implies that one 
consignment of material must be completely used up before another is brought. For 
instance, sharp sand, coarse aggregate and reinforcement one activity must stop even 
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where there is a possibility for both to be carried out simultaneously.  This may 
adversely affect delivery time. 
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CHAPTER FOUR: RESEARCH METHODOLOGY 
This chapter provides an explanation regarding the methodologies and procedures 
employed for the study. These include data collection, sampling (populations used), 
questionnaire design, and the data analysis. 
4.1 Definition of research  
Research, according to Welman and Kruger (2001), involves the application of various 
methods and techniques in order to create scientifically developed knowledge by using 
objective methods and procedures. Mutai (2000) defines research as a “systematic 
search for pertinent information which leads to new knowledge.” It encompasses 
investigations into relationships among different factors operating in a given situation. 
According to Goddard and Melville (2001), research is the study of problems through 
the use of scientific methods and principles. It implies exhaustive study, investigation or 
experiments following some logical sequence. They further add that research involves a 
critical analysis of existing conclusions or theories with regard to newly discovered facts. 
They indicate that advances in technology as well as an ever-changing society demand 
a continued search for new knowledge and understanding of the world. It is also 
important to note that studies differ; therefore the methodology that is appropriate for 
each study must be carefully selected. 
 Goddard and Melville (2001) note that the purpose of research is to: 
 Discover new knowledge: This involves the discovery of new facts, their correct 
interpretation and practical application. Research is one of the most efficient and 
reliable sources of knowledge and truth; 
 Describe phenomena: Accurate identification of any event involves a thorough 
description of its size, shape, weight, colour, height and so on. A description that 
provides knowledge that will form the basis for the other purposes of research 
stated below; 
 Enable prediction: Prediction is the ability to estimate phenomena. Research 
uses a set of variables to predict a given variable; 
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 Enable control: Control is the ability to regulate the phenomena under study. 
Many scientific experiments are designed to achieve these objectives; 
 Enable explanation of phenomena: Explanations involve accurate observations 
and measurement of given phenomena, and 
 Enable theory development: Theory development involves formulating concepts; 
laws and generalisations about a given phenomena. Research is also 
undertaken to confirm or validate existing theories. This is sometimes referred to 
as falsification of theory. 
4.2 Types of research 
There are various kinds of research. Research could be descriptive, correlative or 
exploratory. When choosing the correct type of research to employ when attempting to 
solve a problem, researchers should be guided by the characteristics of the problem, 
the initial level of knowledge, the properties of the variables, as well as the purpose of 
the investigation. 
According to Mouton (2001), after formulating the research design, the next step is to 
select an appropriate research design. Research design is a plan or blue-print of how a 
researcher intends to conduct the research (Kumar, 2005). 
The different types of research are listed below: 
 Descriptive; 
 Experimental; 
 Case study; 
 Survey (questionnaire); 
 Historical, and 
 Correlative research. 
Within this similar context the most appropriate types of research for this study are 
descriptive and correlative or explorative research. It is an exploratory research type as 
it seeks to find new knowledge and a correlative study in that it seeks to discover or 
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establish the existence of a relationship between two or more aspects of a situation. 
These types of research will be applicable to this study, comprising a questionnaire and 
historical data. 
4.3 Validity and reliability 
Studies in general should be conducted in a valid and logical manner. The basis of the 
argument and evidence that supports the study should be logical and valid. Mouton 
(2001) says that, in order to collect data, some form of measuring instruments have to 
be used. These could be sophisticated instruments ranging from high resolution 
microscopes to gas spectrometers, or instruments such as questionnaires, observation 
schedules, interviewing schedules and psychological tests. 
Leedy et al. (2005) highlight validity and reliability as two factors that are vitally 
important when considering the measurement of data:  
 Validity is the soundness and the effectiveness of the measuring instrument. This 
refers to the functionality of the instrument and accuracy of the reading by the 
instrument, and  
 Reliability deals with the accuracy of the measuring instrument and how 
dependable the data read or taken from the instrument are. 
There are many ways in which the validity of a measurement can be tested. These 
include: 
 Face validity: This is a subjective judgement and is given by the researcher; 
 Criterion related validity: Judgment is made of the measurement based on the 
standards that have been set; 
 Content validity: This is the accuracy with which an instrument measures the 
factors or situations under study; 
 Construct validity: This is the extent to which the conclusions reached in a study 
is free from bias, and  
 External validity: This is the extent to which the conclusions reached in a study 
are generalised and applied to samples in other cases. 
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On the other hand, some scholars, such as Kruger and Welman (2001), agree that 
there are two types of validity, namely:  
 Construct validity: For example, when a variable is measured with an instrument, the 
instrument must measure particularly that which it is intended to measure, and 
 Criterion-related validity: This refers to the correctness of the result of a 
measurement to the widely accepted standard result. 
Reliability is the extent of power not to fail of a result or theory. It is concerned about 
accuracy. Leedy et al. (2005) state that; it is the consistency of a measuring instrument 
to yield certain results in repeated measuring. Reliability reflects the extent of error of a 
result. Therefore, reliability is about the question: with what accuracy does the 
measurement, test inventory or questionnaire measure what it is intended to measure? 
4.4 Qualitative versus quantitative research methodology 
Four types of methodological approaches were employed in this study. They are the 
quantitative, qualitative, triangulation, and historical approaches. 
4.4.1 The quantitative approach 
A quantitative approach was chosen as the methodology best appropriate for the study 
because the purpose of the research concerns explanation and prediction of time. It 
involves explanation of the various factors that contribute to delays, as well as the 
prediction of the final contract time based upon the initial time. Factors and sub-factors 
contributing to delays are measured in ordinal values as the perceptions of 
professionals in the industry. These are then converted to percentages and expressed 
as percentage time value. 
Furthermore the quantitative approach was chosen as appropriate as it involves 
numerical data. 
In terms of the availability of literature for the study, its availability could be assumed to 
be largely one of the criteria suggested.  Therefore, the quantitative approach was 
chosen, according to Leedy et al. (2005). 
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The time for the field work of the research is relatively short. Leedy et al. (2005) posit 
that when the time available for the research is short, the quantitative approach is 
appropriate.  Based on this the quantitative approach was chosen. 
The target population for the study are learned (educated). They are mainly graduates 
and are familiar with quantitative studies. 
The characteristics of the data for the study are that they are numeric, representative 
and consist of large samples. Data will be analysed statistically and findings 
communicated in numbers. Based on these considerations, the quantitative approach is 
considered appropriate as a method for conducting the research.  
4.4.2 Qualitative approach 
A qualitative approach has also been used in this research. To illustrate the purpose, 
descriptive and explanatory methods were used and part of the findings will be 
expressed qualitatively. 
4.4.3 Triangulation 
Triangulation is used because it is a method that employs the use of qualitative and 
quantitative data to address a single research question or problem (Kumar, 2005). 
Fellows and Liu (2003) describe triangulation as the means of using both qualitative and 
quantitative techniques together. Further, they said that such combination can be very 
powerful to gain insights and results. Love et al. (2002) suggest that triangulation could 
be influential in espousing multi-level research within construction management 
research, to embrace both ontological and epistemological viewpoints 
4.4.3.1 Triangulation as a convergent method 
This principal tenet of triangulation – that is, usually three investigative components 
being related to each in a research setting according to Edwards and Holt (2010) is also 
generally known as „convergent methodology‟. A graphical description of a „multi-
component‟ is shown in Figure 4.1.  A triangulated component will therefore in some 
way be „related to its neighbours‟. Figure4.1 reveals that, component 2 is seen to have 
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two relationships, these being to components 1 and 3 (labelled r1,2 and r2,3 respectively) 
but,  
 
Figure 4.1 Related research components – the tenet of triangulation [Jack and 
                    Raturi (2006) cited in Edwards and Holt (2010)] 
such relationships are not causal. An example in practice might mean that components 
1-3 are separate data sources, entirely independent of each other, but relevant to the 
phenomenon being studied and therefore, in that way „related‟. 
Figure 4.2 indicates how components of triangulation (a convergent methodology) are 
intended to unite on a point, in reaching a research conclusion. Note that the 
contribution of each component to the point of convergence will typically differ in a given 
research setting (here shown as distance d1 ≠ d2 ≠ d3) because each component is by 
design dissimilar. The rationale of triangulation therefore, is that any strengths or 
weaknesses in one component will be reconciled or tempered by another. 
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Figure 4.2 Convergence on a research conclusion using hybrid triangulation 
                     [Jack and Raturi (2006) cited in Edwards and Holt (2010)] 
4.4.3.2 Types of triangulations 
There are five types of triangulation according to Edwards and Holt (2010) cited in Jack 
and Raturi (2006). They are: data; investigator; theory; method, and multiple 
triangulations. 
Data triangulation 
This involves more than one method of data sampling strategy and / or more than one 
way of data analysis is employed, may be single source taken in slices over time or 
related to space or origin. 
Investigator triangulation 
This involves more than one observer employed in data collection and / or more than 
one investigator is employed in data interpretation. 
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Theory triangulation 
Theory triangulation is that which more than one theoretical scheme or theoretical 
standpoint is employed to interpret the phenomenon, that is, via data.  
Methodological triangulation 
Methodological triangulation is where more than one method of data collection and / or 
analysis is employed, may include a mix of quantitative and qualitative sources. 
Multiple (Hybrid) triangulation 
Multi or hybrid triangulation is the combination of different observers, perspectives, data 
sources, and methodologies used in the same investigation. 
4.4.4 Historical approach 
Historical research concerns itself with the meaning of events. According to Leedy et al. 
(2005), history consists of nothing more than an ever-flowing stream of events and the 
continuing changes in human life and its institutions. These comprise, inter alia, 
language, customs, philosophies, religious art, and architecture. This kind of research 
tries to draw inferences from this maelstrom, by considering the currents and counter-
currents of present and past events, and searching for the pattern that ties them all 
together. The major distinction between historical research and historical narrative is the 
interpretation of the facts, relative to historical research, while the latter tends to 
organise facts into a sequence, usually chronological. Historical research is largely a 
qualitative endeavour: often it makes use of quantitative data as well. It is a blend of the 
two methodologies. 
4.4.4.1 Types of historical research 
Leedy et al. (2005) identify four types of historical research. They are research based 
on searching for roots, historical time, space, and conceptual research. 
The fascination of searching for roots 
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The search for roots is known as ex-post facts research. This kind of research tries to 
account for phenomena such as the creation of the universe. Questions such as: where 
did it come from and how did it begin; characterises this type of research. 
Historical time researches take into consideration a period or space of time. It 
recognises a series of events placed along a time continuum 
Historical space research takes into consideration events that occurred in a particular 
place over a period of time. It has a space dimension. Furthermore it attempts to answer 
the questions relating to where and when events occurred. 
Psychological or conceptual historical research 
This type of research is concerned with the origin, development and influence of ideas 
and concepts. This type of research can influence the course of history as events and 
people do. The idea of democracy was born in Greece and its development coincided 
with major events of the Greco–Roman world, the Middle Ages and modern times. Over 
a space of time the concept of democracy can only be found in its purest form in New 
England town meeting. The aforementioned presents how ideas originate, the stages of 
development they undergo, and what has become of the idea. Further examples of 
ideas that developed over a space of time are capitalism, socialism, rationalism, 
individualism, communism, utopianism, to name a few. 
4.4.4.2 Data sources in historical research 
In any study researchers place a high value on first-hand accounts and original 
artefacts. The data sources for this type of research are newspaper clippings, original 
memos, diary entries, eyewitness accounts, and relevant objects. From these sources, 
data is gathered and coherent meaning established. 
4.5 Primary and secondary sources of data 
There are two types of data. These include: 
 Primary, and 
 Secondary data. 
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4.5.1 Primary data 
The primary data used in the study was acquired by surveying existing literature 
regarding the causes of project delivery delays. This process marked the development 
of the framework of the study, after which two questionnaires were designed for data 
gathering. Seventy-six factors that cause project delay were identified and categorised 
into fourteen major headings. A pilot survey was conducted and from the result of the 
study the categorised problems were reduced to twelve. These twelve problems were 
deemed to have more significant influences on project delivery time. Principally, the 
East Cape Master Builders Association and members of the South African Institute of 
Architectural Technologists were surveyed. 
4.5.2 Secondary data 
The secondary data used in this research were obtained from various South African and 
international sources, inter alia, journal and conference papers, articles, books, theses 
and the internet. The search for information was undertaken in the Nelson Mandela 
Metropolitan University (NMMU) library. The following data bases were searched for 
information: 
 EBSCO HOST; 
 Nexus; 
 Sabinet on-line, and 
 Science direct. 
4.6 Population 
Two categories of respondents were identified at the data gathering stage. These are:  
 Private, and  
 Public sector respondents. 
The private sector consists of respondents from the South African Institute of 
Architecture (SAIA), the Association of South African Quantity Surveyors (ASAQS), the 
South African Property Owners Association (SAPOA), the Eastern Cape Department of 
Public Works, the Metro Bay Municipality, and CESA. Stemming from the fact that 
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building construction technology processes in South Africa are the same, four provinces 
were selected to represent the entire country as a sample for the study. These include 
the Eastern Cape (as a proxy), Gauteng, KwaZulu-Natal, and Western Cape. 
4.7 Sample frame 
The composition of the public sector sample frame is presented in Table 4.1: 
Table 4.1: Composition of the public sectors sample frame 
Composition  Number 
Department of Public Works 5 
Department of Housing 26 
 
The composition of the private sector sample frame is presented in Table 4.2:  
Table 4.2: Composition of the private sectors sample frame 
Composition Number 
SAIA 1 149 
MBA 320 
SAPOA 161 
CESA 43 
ASAQS 473 
 
4.7.1 Sample size 
The larger the size of the sample, the more likely its mean and standard deviation will 
be representative of the population‟s mean and standard deviation. A larger sample also 
makes it less likely that the researcher will obtain negative results or fail to determine 
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the truth. Leedy et al. (2005) advise that researchers should endeavour to maximise the 
sample size and provide the following guidelines for selecting a sample size: 
 For small populations with fewer than 100 people or other units, there is little 
point in sampling, survey the entire population; 
 If the population size is around 500, 50% of the population should be sampled; 
 If the population size is around 1 500, 20% should be sampled, and 
 Beyond a certain point (at about 5 000 units or more), the population size is 
almost irrelevant and a sample size of 400 should be adequate. 
Krejcie and Morgan (1970) developed a more scientific method of calculating the 
sample size. They developed a table of sample sizes (see appendix) based on a 
formula for determining sample size published by the research division of the National 
Education Association. The authors created this table for ease of use and to facilitate 
research. The formula used to determine the sample size is as follows: 
S = X2NP(1-P) / d2(N-1) + X2P(1-P) 
S = The required sample size  
X2 = The table value of chi-square for 1 degree of freedom at the confidence level of   
         3.841. 
N = The population size 
P = Population proportion assumed to be .50 which provides the maximum sample size 
D = The degree of accuracy expressed.  In this case, 0.05 was used. 
Krejcie and Morgan (1970) say that when using this formula, it will be observed that, as 
the population increases, the sample size increases at a diminishing rate, plateaus and 
eventually remains constant. 
4.8 Population and sampling 
4.8.1Sample 
A sample in research implies the study of a sub-set of a population of interest. The 
researcher can use the results obtained from the sample to make generalisations about 
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the entire population. The only condition for this kind of generalisation is that the sample 
is truly a representative of the population. 
4.8.2 Sampling designs 
Leedy et al. (2005) identify two major sampling approaches:   
 Probability, and  
 Non-probability sampling approaches.  
Probability sampling is that type which allows each segment of the population to be 
represented in the sample. In this case, the samples are chosen from the larger 
population by a process known as random selection. This is a process that allows each 
member of the population to have an equal chance of being selected.  
The various sampling techniques employed in the selection of a probability sample are 
simple random, stratified random, systematic, and cluster sampling. 
Simple random sampling allows the sample to be chosen by simple random selection 
whereby every member of the population has an equal chance of being selected. 
Stratified random sampling occurs in populations which consist of different strata or 
groups. In order to have equal representation, the researcher selects samples equally 
from each one of the strata or group. 
Cluster sampling, on the other hand, sub-divides an expansive area into smaller units. A 
country could be sub-divided into regions and further into towns. The clusters must be 
as similar to one another as possible, with each cluster containing an equally 
heterogeneous mix of individuals. A subset of the identified clusters is randomly 
selected. The geographical areas surveyed are Free State, the Eastern Cape, Gauteng, 
KwaZulu-Natal, the Western Cape, the Boland and Pretoria for the MBAs. Bloemfontein 
and Boland were excluded in the survey of other populations. 
In addition, the respondents for the study have undergone training in the built 
environment, with specified syllabus, purpose and design. These consist of architects, 
builders, quantity surveyors, and structural engineers. Respondents therefore represent 
the different areas of discipline. 
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4.8.2.1 Non-probability sampling 
In the case of non-probability sampling, individual elements of the population are not 
equally represented and members of the population have little or no chance of being 
sampled. 
4.8.2.2 Proportional stratified sampling 
The main characteristic of the simple stratified random sampling design is that all the 
strata of the population are essentially equal in size. Proportional stratified sampling is 
characterised by a population that contains definite strata that appear in different 
proportions within the population. Therefore a sampling option that will not disadvantage 
any strata is chosen for the selection of sizes. This implies that each member of each 
stratum has an equal opportunity of being selected. Selection of sample size is done 
proportionately (Leedy et al., 2005). 
Systematic sampling is a sampling technique that allows a researcher to select a 
sample size in sequence. A list of units is made from a population of interest. Every 
tenth unit on the list is then selected and reconciled with the list to obtain the name of 
firm / persons / object to be surveyed. 
Sample stratum and sample selection 
According to Lemon et al. (2004), South Africa is divided into nine administrative 
provinces: 
 Eastern Cape; 
 Free State; 
 Gauteng; 
 KwaZulu-Natal; 
 Limpopo; 
 Mpumalanga; 
 North West; 
 Northern Cape, and 
 Western Cape. 
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The sample stratum and selection of sample size are discussed together. They were 
discussed based on the various professionals in the industry. 
Sample one - Architects 
All architects in the country cannot be surveyed, because they constitute a very large 
sample size, based on the division of the country as described above. In order to 
achieve fair representation, architectural institutes in the Eastern Cape, Western Cape, 
Gauteng and KwaZulu-Natal were chosen. These are also provinces in which 
construction activity is high or on the average. 
The sizes of each sample stratum within the total population for architects are 
represented in Table 4.3:  
Table 4.3: Architects sample size  
Provinces Number 
Eastern Cape 133 
Western Cape 347 
Gauteng 315 
KwaZulu-Natal 210 
Pretoria 164 
 
Proportional stratified sampling techniques and random sampling were employed in the 
selection of sample sizes. The population was sub-divided into alphabetical groups 
(stratified), and based on these groups, the proportional stratified sampling was chosen 
as appropriate for the selection of samples. Leedy et al. (2005) state that, if the 
population contains definite strata that appear in different proportions within the 
population, proportional stratified sampling should be employed. Having obtained the 
sample sizes based on this formula given as: (Number of sample in alphabetic group) X 
(total number to be sampled) / (total population). A cardboard box of 20 x 20 x 20 cm 
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was made and pieces of paper numbered one to the number equivalent to the number 
of the sample size were folded, placed in the box and shaken together. From this the 
total number of the sample size was drawn. Then it was reconciled with the name on 
the list of each group and an e-mail was sent to these organisations. Tables 4.4 – 4.8 
present the sample sizes for the various institutes. 
Table 4.4: Cape Institute of Architects sample 
Alphabetic group Formula Sample size 
A to B 65 x 380/1456 17 
C to E 40 x 380/1456 10 
E to J 82x 380/1456 21 
K to M 65 x 380/1456 17 
N to P 22 x 380/1456 6 
Q to T 56 x 380/1456 15 
U to Z 17 x 380/1456 4 
Total 90 
The same process was repeated in the selection of the sample size for all the chapters 
of the SAIA. Therefore Tables 4.2 to 4.5 represent their sample sizes. 
Table 4.5: Gauteng Institute of Architects sample 
Alphabetic group Formula Sample size 
A to B 47 x 380/1456 12 
C to E 41 x 380/1456 11 
E to J 59x 380/1456 15 
K to M 63 x 380/1456 16 
N to P 31 x 380/1456 8 
Q to T 60 x 380/1456 16 
U to Z 14 x 380/1456 4 
Total 82 
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Table 4.6: KwaZulu-Natal Institute of Architects sample 
Alphabetic group Formula Sample size 
A to B 35 x 380/1456 9 
C to E 35 x 380/1456 9 
E to J 32x 380/1456 8 
K to M 38 x 380/1456 10 
N to P 19 x 380/1456 5 
Q to T 37 x 380/1456 12 
U to Z 14 x 380/1456 4 
Total 57 
 
Table 4.7: Pretoria Institute of Architects sample 
Alphabetic group Formula Sample size 
A to B 34 x 380/1456 9 
C to E 23 x 380/1456 6 
E to J 31x 380/1456 8 
K to M 24 x 380/1456 6 
N to P 12 x 380/1456 3 
Q to T 27 x 380/1456 7 
U to Z 13 x 380/1456 3 
Total 42 
 
Table 4.8: Eastern Cape Institute of Architects sample 
Alphabetic group Formula Sample size 
A to B 68 x 380/1456 18 
C to E 84 x 380/1456 22 
E to J 65x 380/1456 17 
K to M 73 x 380/1456 19 
N to P 45 x 380/1456 12 
Q to T 60 x 380/1456 16 
U to Z 24 x 380/1456 6 
Total 110 
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4.8.2.3 Electronic selection 
The Microsoft Excel computer data package for systematic selection was the second 
means employed in the selection of samples. Once the programme is opened, the 
menu „data‟ is clicked and it will display another menu from which „data analysis‟ is 
clicked. A dialogue box titled „data analyses‟ will be prompted. In this box are displays of 
the various analysis tools available, which random number generation was clicked. A 
dialogue box titled „Random Number Generation‟ will be prompted and in this box a 
person is required to capture relevant information regarding the samples and click „OK.‟ 
The relevant information to be captured is: 
 Number of variables; 
 Number of random numbers; 
 Distribution: select patterned, and  
 Value and probability input range and click „OK‟. 
The required sample numbers will be displayed on a spread-sheet. Highlight the 
numbers on the Excel spread-sheet and randomise the figures to one decimal number 
figure to eliminate the decimal points. When this is completed, the numbers must be 
reconciled accordingly to the corresponding names of firms. 
Apart from the architects and those that require no sampling, all other respondents were 
sampled using electronic methods. 
Sampling two – Quantity Surveying 
In selecting quantity surveying firms, the lists provided on the Internet by the ASAQS 
were used. A total of five chapters were selected as representative of the nation. These 
chapters include the Eastern Cape, Gauteng North and South, KwaZulu-Natal, and 
Western Cape. A standard unit of population (100) was used as a sample size as 
suggested by Leedy et al. (2005). In the chapters where organisations‟ population are 
more than 100, the selection of sample size was done electronically and where it is less, 
the entire population was surveyed. 
Based on the above, Table 4.9 below reveals the summary of sample sizes of Quantity 
Surveyors: 
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Table 4.9: Association of South African Quantity Surveyors sample 
Chapter Population Sample size Failed e-mail Actual sample 
size 
Gauteng North 135 100 15 85 
Gauteng South 95 95 10 85 
Eastern Cape 78 78 4 74 
KwaZulu-Natal 131 100 11 89 
Western Cape 132 100 13 87 
Total  420 
 
Sampling 3 – Master Builders 
The sample group of the Master Builders Associations (MBAs) consists of: 
 Free State; 
 East Cape; 
 Gauteng; 
 KwaZulu-Natal, and 
 Western Cape.   
The same principles employed in the selection of the Quantity Surveyors‟ sample were 
used for the other stakeholders. They include the MBAs, clients and structural 
engineers. Questionnaires were mailed to the master builders and clients. The quantity 
surveyors and structural engineers were sent the questionnaire via e-mail. Details of the 
selection are presented in Tables 4.10 - 4.12: 
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Table 4.10: Sample size of master builders association 
Province Population Sample size Returned 
mails 
Actual sample 
size 
Bloemfontein 55 55 7 48 
Eastern Cape 103 103 11 92 
Gauteng  135 100 12 88 
Pretoria 122 100 4 96 
KwaZulu-Natal 115 100 9 91 
Western Cape 106 106 8 98 
 
Table 4.11: Sample size of clients 
South  African 
Property Owners 
Association (SAPOA) 
Population Sample 
size 
Returned mails Actual sample 
size 
161 100 9 91 
 
Table 4.12: Sample size of structural engineers 
Province Population Sample size Failed mails Actual sample 
size 
Eastern Cape 44 44 5 39 
Phase 2 sampling and sample selection 
The sampling technique employs a process known as simple random sampling to 
engender proper proportions. The list of members provided on the web site of the 
ASAQS was used in selecting members electronically. Table 4.13 reveals the details: 
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Table 4.13: Quantity surveyors’ sample size 
Province Population Sample size Failed e-mails 
Eastern Cape 78 5 0 
Gauteng North 135 5 0 
Gauteng South 95 5 0 
KwaZulu-Natal 131 5 0 
Western Cape 132 5 0 
 
4.8.2.4 Survey by convenience sampling technique 
Based on the responses obtained from the administration of the Phase 2 
Questionnaires, a convenience sampling technique was employed with the view of 
increasing responses and data for the study. The Department of Public Works and the 
Department of Housing in the Eastern Cape and Coega were those in this category. 
The questionnaire was administered via e-mail to all the respondents. Tables 4.14 – 
4.17 present details of the response rates: 
 
Table 4.14: Summary of questionnaire administration to Department of Housing 
                      (Phase 1 Questionnaire) 
City Population Sample size Failed e-mails 
Port Elizabeth 26 25 0 
 
Table 4.15: Summary of questionnaire administration to Department of Housing 
                      (Phase 2 Questionnaire) 
City Population Sample size Failed e- mails 
Port Elizabeth 1 1 0 
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Table 4.16: Summary of questionnaire administration to Department of Public 
                       Works (Phase 1 Questionnaire) 
City Population Sample size Failed mails 
Port Elizabeth 2 2 0 
Mthatha 2 2 0 
Kokstad 1 1 0 
 
Table 4.17: Summary of questionnaire administration to Department of Public 
                      Works (Phase 2 Questionnaire) 
City Population Sampled size Failed mails 
Port Elizabeth 1 1 0 
Mthatha 1 1 0 
Kokstad 1 1 0 
 
One each of both the Phase 1 and 2 Questionnaires were administered to respondents 
in Coega. 
4.9 Questionnaire design 
The study used two questionnaire types for data gathering, namely the questionnaire 
survey and the historical survey.  
4.9.1 Questionnaire survey 
Based on the problem categorisation presented in Table 2 which formed the basic 
framework for the study, the associated sub-problems to each main problem were 
identified from the survey of the literature. They were compiled and structured into 
questions that addressed the issue of delivery of projects to time. A total of seventy six 
sub-problems were identified that were grouped into the main problem. These form the 
framework of this study. The groupings of the main problems include:    
 Client understanding of the design, procurement, and construction processes;  
 Quality of management during design;                
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 Quality of management during construction;               
 Motivation of staff;                             
 Site ground conditions;                  
 Site access;                              
 Constructability of design;                            
 Management style;                                                                               
 Management techniques used for planning and control;                         
 Physical environmental conditions;                                                      
 Economic policy, and                   
 Socio-political conditions.     
According to Haksever and Manesali (2006), questionnaires can be used for the 
acquisition of qualitative data using quantitative scales. Similarly, the Phase 1 
questionnaire used in this study incorporated the Likert five point scales to facilitate an 
evaluation of responses between the minor to major ranges. 
On the questionnaire, the options ‟does not‟ and ‟unsure‟ were included for all questions 
and space was provided for comments and the substantiation of particular responses. 
At the point of capturing the data arising from the responses to the questionnaires, a 
value was assigned to the ‟unsure‟ option based upon the range of the Likert scale 
used. Table 4.18 gives an example of the layout of the questionnaires: 
Table 4.18: Typical format of table provided for the answering of questions in 
                      questionnaires 
Factors Unsure Does not Minor......................................Major 
1 2 3 4 5 
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4.9.2 Historical survey 
The second questionnaire design is based on a historical survey. Data on the past 
performance of projects were retrieved from archives of firms. The main questions that 
were asked include:      
 Name of project; 
 Type of project, either private or public; 
 Initial contract time and cost; 
 Final contract time and cost, and 
 Reasons for delays. 
4.10 Methods of data analysis 
The method of data analysis employed in this work comprises both descriptive and 
inferential statistics.  Where necessary, the data analysis involved the use of multiple 
analytical techniques to facilitate ease of communicating the results, while at the same 
time improving its validity. Based on this assertion, the following methods of analyses 
were employed in the study.  Descriptive statistics, which include frequencies, means, 
and mean scores (MSs), were computed to analyse the data obtained from respondents 
citing their experience in the construction industry. The t-test was used to test for the 
presence of significant difference between variables, linear regression conducted and 
comparisons were made regarding the relationships between variables. Percentage 
delays of the twelve main problems were also computed. 
4.10.1 Descriptive Statistics 
Descriptive statistics which include means and MSs were used to interpret the data 
obtained as background information. 
The mean is defined as a measure chosen in such a way that the sum of deviation from 
it is zero (Montgomery and Runger, 2007).  The MS is derived by allocating numerical 
values to respondents‟ rating of factors, which can be, for example: very high (5 points), 
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high (4 points), moderate (3 points), low (2 points), and very low (1 point). The mean 
score (MS) for each factor is then calculated using the following equation: 
)...(..........51
)(
iMS
N
fxs
MS  
Where: MS = mean score 
   N = the total number of responses concerning that factor 
  S = the score given to each factor by the respondents and ranges depending on  
   the ordinal scale in use (1 – 5). 
   F = the frequency of respondents rating (1 – 5) for each factor 
In order to test for any agreement in the ranking of the individual factors between 
various groups of variables, the t-test was used to test the postulated hypothesis at a 
5% level of significance. 
4.10.2 Inferential statistics 
The inferential analysis was employed to analyse summated scores of the responses 
from the primary survey respondents to reflect the actual support for topics. 
Given that an „unsure‟ response was regarded as a legitimate response, it was decided 
that placing this response at the midpoint of the Likert scale will give it value among the 
numerators and denominators in the calculation of mean scores. The placement of 
‟unsure‟ responses in the midpoint of the scale may be justified in that the respondents 
are deemed to be neither certain or uncertain nor negative or positive. It could be 
assumed that they are neutral. Figure 4.1 depicts how the responses to a range in  
types of questions are scored prior to collation, summation and interpretation: 
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     1  2.6  3.4  5 
            Weak        moderate          strong 
 Support                            Low                         average                      high   
 Opinion         negative/minor          neutral       positive/major 
 Score       0 - 29        30 - 69   70 - 100    
Figure 4.3: Scoring of responses on the Likert scale 
Figure 4.3 is an example of how the summated score of one of the sub-problems 
responses was calculated. 
[(6 responses x 1)  + (28 responses x 2) + [(57 responses x 3) + (3 unsure responses x  
     126 responses x 5 
3)] + (32 responses x 4) + (0 x 5)]  
     = 58.7% 
By comparing this score to the categories of scoring responses in Figure 4.3, it is 
ascertained that it will fit into the neutral category. Therefore built environment 
practitioners may be deemed to be neutral regarding the impact of natural hazards such 
as fire and floods on construction delays. 
In addition, inferential statistical  techniques enable judgments, conclusions, estimations 
and predictions to be made from the data collected. To test the consistency of observed 
frequencies, the Pearson Moment Correlation test was conducted. 
Given that proof of an acceptable level of consistency is required to ratify the findings, 
Gravetter and Wallnau (2008) explain the effect of the percentage variance. To facilitate 
interpretations of R2 or r2, a range for practical significance was suggested regarding the 
effect of different values on the consistency of responses. 
Table 4.19 presents the range against which the test results can be compared: 
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Table 4.19: Interpretation of R2 or r2 for practical significance 
Range Effect 
< 0.099 No effect 
.01 to .089 Weak effect 
.09 to .249 Moderate effect 
.25 > Strong effect 
 
Cohen‟s d is a statistical techniques employed to determine the practical significance of 
t-test results. It determines the practical significance statistics for sample mean score. 
Table 4.20 contains values to explain the significance of the Cohen‟s d values.  
Table 4.20: Interpretation of Cohen’s d values 
Value Effect 
20 - 49 Weak 
50 - 79 Medium 
80 > Strong 
 
In addition, Cohen‟s d determines the practical significance of t-test results, while 
Camer‟s V determines the practical significance statistics of chi-square results. An aid to 
the interpretation of Cramer‟s V values to determine the degree of freedom in the 
inferential statistical analysis is provided by Gravetter and Wallnau (2008) in Table 4.21:  
Table 4.21: Interpretation of Cramer’s V values (Gravettter and Wallnau, 2008) 
Degree of freedom Values 
1 .1 
.3 
.5 
2 .07 
.21 
.35 
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A test of the internal consistency of the data is required. Cronbach‟s alpha test is not 
only a test, but an investigation of the reliability of the data. Notwithstanding that, the 
validity of the data obtained is not questionable because it has face validity. This face 
validity refers to the fact that the validity of the data can be seen. 
Nunaly (1978) explains Cronbach‟s alpha test for association and reliability and 
provides values in Table 4.22 to engender an interpretation of the test results. 
Additionally, for ranking purposes one sample match paired T-test was conducted and 
Cohen‟s d statistics calculated to enable the ranking of category of factors. Practical 
significance is only applicable / relevant if the result is statistically significant. Thus, 
where results are not statistically significant, practical significance is reported as not 
applicable (N/A). 
Table 4.22: Interpretation of Cronbach’s alpha values (Nunally, 1978) 
Values Reliability 
< .5 Poor 
.5 to.7 Sufficient 
> .7 Good 
 
Cronbach‟s alpha coefficient is greater than .70. The recommended minimum value for 
reliability (Nunally, 1978) was observed for most values. Nunally points out that in the 
early stages of research, reliability of .50 to .60 is sufficient. For this study, a reliability of 
.60 was used as a cut-off value to indicate the reliability of the individual measuring 
instrument. Thus the internal reliability of the measures relating to the indices all 
exceeded this cut-off point and are regarded as acceptable. 
4.10.3 Assessing statistical significance 
A factor loading represents the correlation between an original variable and its factors. 
In determining a significance level for the interpretation of loadings, an approach similar 
to determining the statistical significance correlation coefficients could be used. Factor 
loadings and sample size needed for significance are presented in Table 4.23: 
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Table 4.23: Significant factor loadings based on sample size (Hair et al., 2004) 
Factor loadings Sample size needed for significance 
.30 350 
.35 250 
.40 200 
.45 150 
.50 120 
.55 100 
.60 85 
.65 70 
.70 60 
.75 50 
 
4.10.4 Regression Analysis 
This is a technique that requires finding a formula or mathematical model which best 
describes a set of data collected (Weinberg and Abramowitz, 2008).  While simple linear 
regression models quantify the relationship between two variables, multiple regression 
models relate three or more variables.  Usually one of the variables acts as a dependent 
variable (y) while the other represents the independent variable (x). 
Montgomery and Runger (2007), and Weinberg and Abramowitz (2008) summarise the 
basic assumptions that multiple linear regression must satisfy as follows: 
   The most important condition is that the model has been correctly specified, i.e. 
the model adequately and correctly describes the behaviour of the data; 
   The linear regression model must have linear parameters.  However, the model 
may have non-linear independent variables and yet remain within the 
framework of linear regression; 
   The model statement makes no mention of the statistical properties of the 
independent variables.  This is intentional since they are not random variables, 
they are specified to be fixed, predetermined and / or chosen at will.  No 
inferences are to be made about the independent variables and the 
independent variables are not influenced by the dependent variables.  The 
focus of all inferences is on the dependent variable; 
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   The independent variable must be measured without error.  If the independent 
variables are subject to error, the estimated regression coefficients may be 
biased.  This bias is a function of the ratio of the measurement error to the 
random error of the model; if this ratio is small, the bias is small; 
   The stated purpose of the regression model and analysis per se, are to estimate 
Ux, the mean of the dependent variable for a specific set of values of the 
independent variables.  Normally such estimation is performed within the range 
of the observed sample data and extrapolation is not encouraged; 
   Another purpose for performing regression analysis is to study the partial 
regression coefficients.  Under certain conditions the regression coefficient 
estimates are quite unstable and not subject to meaningful interpretation; 
   The fact that a regression relationship has been found to exist does not imply a 
cause-effect relationship, although it may exist, and 
   The data on which the regression analysis is performed is assumed to be a 
random sample.  However, regression analysis is often used in situations where 
this is not strictly the case. 
The most common reasons for carrying out regression analysis are to obtain a 
description of a relationship and prediction of future values.  To study the relationship 
between a number of variables, data is collected on each of a number of projects on 
these variables.  A hypothesised model specifies, except for a number of unknown 
parameters, the behaviour of the response for given values of the predictors.  Generally, 
the model will also specify some of the characteristics of the failure to provide exact fit 
through hypothesized error terms.  Then the data is used to obtain estimates of 
unknown parameters.   
The next and equally important phase of regression analysis is called case analysis in 
which the data are used to examine the suitability and usefulness of the fitted model for 
the relationship studies.  The results of a case analysis will often lead to modification of 
the original prescription for a fitted model and cycling back to the aggregate analysis 
after modifying the data or assumptions is often necessary. Essentially what is needed 
in regression and correlation analysis is the establishment of the equation of a straight 
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line, the intercept, the standard error of regression.  Three tests can be carried out: 
Analysis of Variance (ANOVA), the F Test for regression and the Co-efficient of 
Determination R2.  R2 is easily computed from quantities that are available in the 
ANOVA tables.  It is a scale-free one-number summary of the strength of the 
relationship between x and y in the data.  It is a very popular statistic since it 
generalises clearly that multiple regression depends only on the sum of squares and 
appears to be easy to interpret.  The relationship to the correlation co-efficient and thus 
R2 is the same as the square of the sample correlation between x and y. 
Regression analysis tends to show the relationship between variables. The Chi-square 
test determines whether a statistical relationship exists between two variables. 
However, it does not reveal the nature of that relationship. Regression and correlation 
analysis will show how to determine both the nature and the strength of a relationship 
between two variables.  It is possible to predict with some accuracy the value of an 
unknown variable based on past observations of that variable and other variables. The 
known variable is called the independent variable.  The variable that is to be predicted is 
the dependent variable.  Frequently there is a causal relationship between variables in 
which the independent variable „causes‟ the dependent variable to change.  Essentially 
the relationships found by regression are relationships of association, but not 
necessarily of causes and effect.  Unless there are specific reasons for believing that 
the values of the dependent variable are caused by the values of the independent 
variable, it is not safe to infer causality from the relationships found by regression. 
The first step in determining whether there is a relationship between two variables is to 
examine the graph or chart called a scatter diagram.  Visually there can be patterns that 
indicate how the variables are related.  Then, if the variables are related, the kind of line 
or estimating equation which describes this relationship can be formulated.  The 
following are common: direct linear, inverse linear, direct curvilinear and inverse 
curvilinear.  The next step is to measure the reliability of the estimating equation by the 
standard error of estimate as symbolized by (Se) and is similar to the standard 
deviation; both are measures of dispersion.  The standard error of estimate measures 
the variability or scatter of the observed values around the regression line.  With 
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reference to standard deviation, the larger the standard error of estimate, the greater 
the scattering of points around the regression line. 
Conversely, if Se = 0, it is expected that the estimating equation is a „perfect‟ estimator 
of the dependent variable.  In that case all the data points should be directly on the 
regression line and no points would be scattered around it.  Correlation analysis is the 
statistical tool that can be used to describe the degree to which one variable is linearly 
related to one another. 
Frequently correlation analysis is used in conjunction with regression analysis to 
measure how well the regression line explains the variations of the dependent variable 
y.  Correlations can also be used to measure the degree of association between two 
variables. 
The general positive results of some of the essential tests to which the data were 
subjected signified a greater bias for the use of regression and correlation analysis.   
4.10.4.1The Simple Linear Regression 
The actual values represent the dependent variables (y) while the predicted values 
represent the independent variables. 
Y = bo + b1x1 + 1 
Where: Y is the dependent variable 
 bo and b1 are constant and are called regression parameters. 
   is the error term 
The hypothesis tested at 5% significance level was as follows: 
Ho: There is no significant relationship between actual completion time and initially  
 specified completion time. 
H1: There is a significant relationship between actual completion time and initially  
 specified completion time. 
140 
 
The p-value > 0.05, indicates a significant difference at the 5% significance level. A 95% 
confidence level was used for the test. 
The unknown estimators, bo and b1, were calculated. 
bo = Y – b1x 
n
b 11111  
 
n
i
2
2 )( ……………………………. equation 
For the model to be valid using this criterion, bo (regression intercept) must be close to 
zero while b1 (regression slope) must be close to one. 
The SPSS computer software packages were used to analyse the hypothesis.  
4.10.4.2 Pearson Moment of Correlation Coefficient (R) 
The Pearson correlation coefficient is used to measure the strength of the relationship 
between two variables (Weinberg and Abramowitz, 2008).  It is also the measure of the 
reliability of a regression equation.  It measures the degree of association between the 
two variables i.e. Y – dependent variable and X – independent variable (Weinberg and 
Abramowitz, 2008).  The strength of the relationship indicates the goodness of fit of a 
linear regression line to the data.  The multiple correlation coefficient R is expressed as: 
2222
1
11
nn
n
R  
R ranges between minus 1 and 1 (i.e. –1<R<1).  The R value must be high for the 
model to have good fit. 
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4.10.4.3 Coefficient of Determination (R2) 
This is the measure of the proportion of residual variation in the dependent variable 
which is explained by the behaviour of the independent variables (Weinberg and 
Abramowitz, 2008). It is used to judge the adequacy of the regression model. The 
formula for calculating R2 is expressed as: 
R2 = Regression Sum of Squares = SSR 
        Total Sum of Squares                SST ………………….equation 
4.10.4.4 Correlation Significance Test 
This is used to ascertain whether or not the calculated correlation coefficient and the R2 
are statistically significant.  To do this, the correlation significance test is used, 
expressed as: 
21
2
.
r
n
rt  
The value of R should be between zero and one (i.e. 0  R2 1).  It is usually expressed 
in a percentage by multiplying the value by 100.  For the model to be accepted the R2 
value must be high i.e. most of the variability should be accounted for by the 
relationship. 
4.10.4.5 Regression Mean Square Error (RMSE) 
This is also referred to as the standard or residual of the error variance of the estimate.  
It measures the spread of data and is a good indicator of precision.  The value of RMSE 
must be small to indicate a high precision. 
)(
1
)(
332211
2
1 xbxbb
KN
RMSE  
Where: n = number of observation. 
Note: Y1 = observed value of the dependent variable 
 Y = predicted value of the dependent variable 
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 Y = mean of dependent variables 
 N = number of parameters estimated 
 X1, X2, X3…X8 = independent variables 
Null hypothesis (Ho):  The regression is not significant. 
Alternative hypothesis (H1): The regression is significant. 
Where p-value < 0.05 indicates significant difference at the 5% significance level and at 
95% (confidence interval) Ho was rejected and H1 accepted.  Such an equation is 
therefore significant and can be used for prediction. 
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CHAPTER FIVE: DATA PRESENTATION AND DISCUSSION 
This chapter presents the results of the data analyses and interpretation thereof. 
5.1 Response to questionnaires 
Three questionnaires were used for the study - two main questionnaires, and a 
validation questionnaire. 
5.1.1 Response to phase one questionnaire 
Tables 5.1 to 5.7 present the respective response rates. 
Table 5.1: Architects’ response rate 
Institute Sample size 
(No.) 
Questionnaires 
received (No.) 
Response rate 
(%) 
Cape 85 1 1.2 
Eastern Cape 99 2 2.0 
Gauteng 75 1 1.3 
KwaZulu-Natal 49 2 4.1 
Pretoria 38 3 7.0 
 
Table 5.2: Association of Quantity surveyors’ response rate  
Chapter Sample size 
(No.) 
Questionnaires 
received (No.) 
Response rate 
(%) 
Cape 87 4 4.6 
Eastern Cape 74 10 13.5 
Gauteng North 85 6 7.1 
Gauteng South 85 1 1.2 
KwaZulu-Natal 89 2 2.3 
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Table 5.3: Master Builders Associations’ response rate 
Chapter Sample size 
(No.) 
Questionnaires 
received (No.) 
Response rate 
(%) 
Bloemfontein 48 1 2.1 
Eastern Cape 92 10 10.9 
Gauteng 88 4 4.6 
KwaZulu-Natal 91 1 1.1 
Pretoria 96 1 1.0 
Western Cape 98 1 1.0 
 
Table 5.4: Clients’ response rate  
Client Sample size 
(No.) 
Questionnaires 
received (No.) 
Response rate 
(%) 
Coega 1 1 100 
South African 
Property Owners 
Association 
(SAPOA) 
 
 
91 
 
 
12 
 
 
13.2 
Department of 
Housing (EC) 
 
26 
 
Nil 
 
0.0 
Department of 
Public Works 
Eastern Cape 
(EC) 
 
 
5 
 
 
2 
 
 
40.0 
South African 
Property Owners 
Association 
(SAPOA) 
 
 
 
91 
 
 
 
12 
 
 
 
13.2 
 
Table 5.5: Structural engineers’ response rate from  
CESA Sample size 
(No.) 
Questionnaires 
received (No.) 
Response rate 
(%) 
Eastern Cape 39 23 59.0 
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Table 5.6: Response rate according to stakeholder group 
Respondent 
category 
Sample size 
(No.) 
Responses 
(No.) 
Response 
rate (%) 
Architects 346 9 10.2 
MBAs 513 18 20.5 
Quantity Surveyors 420 23 26.1 
SAPOA 91 12 13.7 
Structural Engineers 39 23 26.1 
Others 32 3 3.4 
Total 1 441 88 100.0 
 
Questionnaire success rate = Questionnaires received x 100 / (questionnaires 
administered - returned questionnaires). 
        88 X 100 / 1 441 = 6.1% 
The questionnaire response rate for phase 1 is 6.1%. Based upon the number of 
questionnaires received, the response rate can be deemed sufficient for the statistical 
analyses that are to be conducted.   
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Table 5.7: Phase 2 questionnaire distribution  
Stakeholders 
and 
Governmental 
Departments 
Sample size 
(N0.) 
Responses 
(No.) 
Number of 
projects 
Response rate 
(%) 
Architects 5 - - - 
Coega 1 1 20 4.2 
Department of 
Housing, Port 
Elizabeth 
 
1 
 
- 
 
- 
 
4.2 
Department of 
Public Works, 
Prot Elizabeth 
 
1 
 
1 
 
17 
 
4.2 
MBAs 5 - - - 
Nelson 
Mandela Bay 
Municipality 
 
1 
 
1 
 
10 
 
4.2 
Quantity 
Surveyors 
 
5 
 
4 
 
25 
 
16.7 
SAPOA 5 - -  
Total   72 33.5 
 
The response rate for phase 2 is 33.5% (Table 5.7). It should be noted that, for the 
phase 2 analysis, it is the number of projects that is of interest. The total number of 
projects analysed in this phase is seventy-two. It could be deemed to be sufficient for 
statistical analysis. 
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5.1.2 Response rate 
The following steps were taken in order to improve the response rate: 
 The respondents were assured of anonymity; 
 The covering letter made a humane appeal to the respondents; 
 The length of the questionnaire was kept to a minimum for a study of this 
magnitude, and 
 Phone calls were constantly made to remind respondents about completing the 
questionnaire. 
5.1.3 Missing values 
Missing values in questionnaires are inevitable, though not desirable, as some of the 
respondents may have a limited understanding of some factors.  The questionnaire was 
designed in such a manner so as to provide the respondents with the opportunity to tick 
an „unsure‟ option rather than attempt to rate a factor wrongly. 
5.2 Demographic data of respondents to phase 1 questionnaire 
This section describes the demographics of the respondents surveyed in this research. 
It reveals their experience, expertise, age, the kind of organisation they work for and 
their status. 
5.2.1 Sector 
Figure 5.1 indicates the sector distribution of the respondents. The majority of 
respondents belong to the private sector and constitute (74%) of the total sample. 
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Public, 26%
Private, 74%
 
Figure 5.1: Sector distribution of respondents 
5.2.2 Number of years of organisation 
Table 5.8 presents the mean value for the number of years organisation have being in 
existence. The mean for the number of years an organisation has been in existence is 
twenty-five. This implies that organisations might have undertaken enough projects and 
had experienced staff to enable them to answer the questions contained in the 
questionnaire regarding the industry. 
Table 5.8: The numbers of years organisations have been in practice 
Valid number Descriptive statistics 
Mean Std. Dev. 
77 25 23.29 
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5.2.3 Gender 
Figure 5.2 reveals that the male gender predominates with 82% in both the public and 
private sectors. This supports the statement that the industry is masculine-inclined. 
 
 
Female, 18%
Male, 82%
 
Figure 5.2: Gender distribution of respondents 
5.2.4 Respondents’ age 
Figure 5.3 indicates the frequency of respondents‟ age. Respondents that are over the 
age of thirty predominate in the sample investigated. This group of respondents 
constitutes 76.5%. Respondents between the age of twenty-five and thirty constitute 
23.5%. It can be concluded that respondents that make up the survey sample are 
mature, have a high probability of being responsible, and sufficiently experienced. 
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Figure 5.3: Distribution of respondents’ age 
5.2.5 Highest formal qualification of respondents 
Figure 5.4 indicates the highest academic qualification of the respondents. 25% of the 
respondents have bachelors‟ degrees, and they predominate in the sample.  Following 
closely are respondents with honours‟ degrees, totalling 23%. Respondents with the B. 
Tech qualification rank next to those who have an honours degree in the form of 17%. A 
fraction constituting 5% does not have relevant qualifications in the industry they are 
employed in.  
This analysis reveals that well qualified personnel are employed in the industry 
therefore performance is expected to be optimal. It also indicates that their perceptions 
can be relied on. 
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Diploma, 14%
Matric certificate, 3%
Postgraduate diploma, 5%
Bachelors degree, 25%
Other, 2%
Masters degree, 11%
Honours degree, 23%
B Tech, 17%
 
Figure 5.4: Distribution of respondents’ qualifications 
5.2.6 Category of respondents’ professions 
Figure 5.5 indicates that quantity surveyors (31%) predominate among the respondents. 
They are followed by engineers (27%), architects (11%), and builders (11%). The lowest 
response is relative to construction managers (5%).   
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Construction manager, 5%
Architect, 11%
Engineer, 27%
Project manager, 2%
Client, 13%
Quantity surveyor, 31%
Builder, 11%
 
Figure 5.5: Category of respondents’ professions 
5.2.7 Status of respondents in their organisations 
Figure 5.6 indicates that managing directors / managing members / principals (35%) 
predominate among respondents. Following closely is senior staff (20%), and next is 
managers (17%). The lowest response is relative to trainer / internship staff (1%). 
Based upon the above analysis 93% constitute experienced staff, which is an indication 
that the data obtained from these workers can be relied on. 
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MD/Managing member/Principal, 35%
Director/Senior executive, 14%
Manager, 17%
Other, 6%
Trainee/Intern, 1%
Supervisor, 7%
Senior staff, 20%
 
Figure 5.6: Respondents’ status in their organisations 
5.2.8 Respondents’ years of experience 
The mean number of respondents‟ years of experience is 17 (Table 5.9). Any 
respondent with 17 years of experience is considered to be knowledgeable in his / her 
discipline; therefore the data obtained from these respondents can be deemed to be 
reliable. 
Table 5.9: Mean number of respondents’ years of experience 
Valid number Descriptive statistics 
Mean Std. Dev. 
86 17 12.03 
 
5.2.9 Type of facility being constructed 
Figure 5.7 presents the type of facility being constructed by the respondents. The 
predominating type of facility that respondents have been involved in is institutional 
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facilities (19%). Following closely is the development of residential facilities (18%); 
commercial offices and industrial facilities (14% each), and institutional health facilities 
(10%). It can be deduced from the analysis that respondents have been involved in the 
construction of facilities that have a long duration and bring a wealth of experience to 
answering the questions contained in the questionnaire satisfactorily. 
Residential, 18%
Commercial - of f ice, 14%
Commercial - retail, 4%
Commercial - recreational, 2%
Hotel/Motel, 2%
Parking  garage, 4%
Institutional - Other, 19%
Institutional - Health, 10%
Institutional - Education, 12%
Industrial, 14%
 
Figure 5.7: Type of facilities respondents have been involved with 
5.2.10 Number of floors of facility 
Most of the respondents (93.4%) have been involved in the construction of facilities with 
no more than three floors (Figure 5.8). Based upon this, respondents are deemed to 
have adequate capacity for responding to the questionnaire. 
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Figure 5.8: The number of floors of facilities being constructed  
5.2.11 Project scope details 
Table 5.10 presents the mean in terms of cost and floor area. The mean for initial and 
final project costs are R78.21m and R86.63m respectively.  The mean gross floor area 
is 4 611.53m2. It indicates that projects that respondents are involved with are large and 
that the respondents are likely to be experienced and mature practitioners. 
Table 5.10: Project scope details 
 
Factor 
Descriptive statistics 
Valid No. Mean  Std. Dev. 
Initial cost (Rm) 72 78.21 154.96 
Final cost (Rm) 71 86.63 167.22 
Gross floor area in 
(m2)   
47 4 611.53 8225.26 
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5.2.12: Linear regression 
A linear regression test was conducted to determine the relationship of the start and 
finish times of the project. The results are presented below: 
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 M14_3:M14_1:   y = 9.9037 + 1.0586*x;  r = 0.8248, p = 0.0000;
r2 = 0.6803
 
Figure 5.9: Regression of actual contract time and initial contract time 
Regression analysis was conducted to determine the kind of relationship between the 
initial contract time and the actual completion time. The scattered plot (Figure 5.9) 
indicates a good fit, r = 0.82 correlation coefficient suggests a strong linear relationship 
between the factors, and with r2= 0.68 the predictive ability is high. The relationship Y = 
9.9 + 1.0586x, was obtained.  Y = Actual completion time and X = Initial contract time. 
5.3 Analysis of main question in phase 1 questionnaire 
Questionnaires were used in the collection of data. A five-point Likert scale adjoined 
with „Unsure‟ and „Does not‟ options was used to measure the perceptions of 
professionals within the building construction industry in South Africa. Tables 5.14 to 
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5.25 indicate the perceptions of respondents relative to the project delivery time 
performance in terms of percentage responses to a scale of 1 to 5, and a MS ranging 
between 1.00 and 5.00. MSs were calculated for each statement to enable an 
interpretation of the percentages relative to each point on the response scale. Given 
that there are five points on the scale, and that 5 – 1 = 4, the ranges were determined 
by dividing 4 by 5 which equates to 0.8. Consequently the ranges and their definitions 
are as follows: 
 > 4.20 ≤ 5.00 between a near major to major / major influence; 
 > 3.40 ≤ 4.20 between moderate influence to a near major / near major influence; 
 > 2.60 ≤ 3.40 between a near minor to moderate influence / moderate influence; 
 > 1.80 ≤ 2.60 between a minor to near minor influence / near minor influence, 
and 
 > 1.00 ≤ 1.08 between a minor to near minor influence. 
5.3.1 Reliability tests 
The results of the item analysis conducted to determine the reliability of the summated 
scores calculated for the various factor categories are reported in this section. The Item 
analysis was conducted for the seventy-six items (statements) in the questionnaire that 
were summated into scores for the 12 factor categories. For each factor Cronbach‟s 
coefficient α was calculated and a factor analysis specifying a one factor model was 
conducted. 
5.3.1.1 Cronbach’s coefficient α test 
Tests for the internal reliability of the factors in each category were conducted by 
determining their Cronbach‟s coefficient α value. Table 5.11 presents the results: 
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Table 5.11: Cronbach’s coefficient α value for all factor categories 
Factor category Cronbach’s α 
Clients‟ understanding of design, 
procurement and construction processes 
 
.93 
Quality of management during design .90 
Quality of management during 
construction 
.87 
Constructability of design .87 
Planning and control tools .69 
Management style .91 
Types of motivation .89 
Site ground conditions .92 
Site access conditions .83 
Physical environmental factors .81 
Economic policy .84 
Socio-political conditions .83 
 
Cronbach‟s α value for all factor categories were > .70, with the exemption of one, 
which is regarded as adequate proof of internal consistency. It should be noted that 
Cronbach‟s α values of 0.50 to 0.70 are acceptable. 
5.3.1.2 Results of factor analysis 
Factor analysis was conducted to test the agreement between factors in each category. 
The results of the analysis are presented in Table 5.12. 
Table 5.12: Summary of factor analysis conducted for item analysis  
Factor: Clients’ understanding of the design, procurement and 
construction processes 
(Percentage variance explained = 75.6%) 
Loadings 
Understanding the project‟s constraints .770 
Ability to effectively brief the design team .889 
Ability to contribute ideas to the design process .888 
Ability to quickly make authoritative decisions .889 
Stability of decisions .904 
Ability to contribute ideas to the construction  process .867 
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Factor: Quality of management during design 
(Percentage variance explained = 72.3%) 
Loadings 
Conflicting design information .814 
Timeliness of revised drawings  .865 
Missing information .876 
Dimensional inaccuracies .864 
Expediting shop drawings .830 
Factor: Quality of management during construction 
(Percentage variance explained = 53.8%) 
Loadings 
Forecasted planning date, e.g. activity duration, resource quantities 
required, etc. .776 
Analysing construction methods .585 
Analysing resource movement to and on site .623 
Analysing of work sequencing  to achieve and maintain workflow .819 
Monitoring and updating plans to appropriately reflect work status .782 
Responding to recover from problems or taking advantage of opportunities 
presented .817 
Effectively coordinating resources .749 
Developing an appropriate organisational structure to maintain workflow .681 
Factor: Constructability of design 
(Percentage variance explained = 43.9%) 
Loadings 
Scope of site fabrication .682 
Complexity of off-site fabricated components .712 
Appropriateness of design tolerances .623 
Appropriateness of working space.  Its impact on smooth activity workflow 
and sequencing .613 
Implication upon trades co-ordination 655 
Impact of materials storage and movement .673 
Extent of grouping work .707 
Extent of modular dimensions in design .669 
Knowledge of performance of materials and components .647 
Effective constructability review of design .596 
Participation in site inspection and control  .873 
Factor: Techniques for planning and control 
(Percentage variance explained = 76.2%) 
Loadings 
Critical path methods .873 
Bar chart .872 
Factor: Management style 
(Percentage variance explained = 61.3%) 
Loadings 
Specified goals people are to accomplish .785 
Organise the work situation for people .801 
Set time lines .802 
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Provided specific direction .796 
Required regular reporting on progress .757 
Provided support and encouragement .789 
Involved team members through discussion of work .842 
Sought people‟s opinion and concerns .682 
Factor: Motivation of workers’ 
(Percentage variance explained = 58.3%) 
Loadings 
Pay an allowance .671 
Achievement from meeting complex challenges .770  
Job security .750 
A sense of belonging and identification with the project team .789 
Recognition (monitoring or kudos) of contribution made .778 
Opportunity to extend skills and experience, i.e. learning .822 
Equitable rewards relative to other‟s input to the project 768 
Exercise of power .680 
Opportunity for career advancement – i.e. for future benefit .826 
Factor: Site ground conditions 
(Percentage variance explained = 64.4%) 
Loadings 
Nature of demolition work .752 
Nature of restoration work .798 
Structural stability of ground .752 
Extent of ground contamination .885 
Extent of archaeological finds .769 
Impact of water table .800 
Impact of underground services .793 
Impact of underpinning existing structure .859 
Factor: Site access conditions 
(Percentage variance explained = 55.1%) 
Loadings 
Proximity to required resources .551 
Access to site entry / exit points .704 
Congestion at site entry / exit points .835 
Storage space at or near ground level .795 
Storage space at upper levels .717 
Requirement for restrictive hours .815 
Factor: Physical environmental conditions 
(Percentage variance explained = 64.2%) 
Loadings 
Impact of natural hazards (fire, floods, etc.) .787 
Local weather patterns on site .792 
Ambient noise conditions .817 
Ambient light conditions .809 
Factor: Economic policy 
(Percentage variance explained = 60.9%) 
Loadings 
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Materials availability .827 
Equipment availability .909 
Trades / Operatives availability .898 
Supervision / Management of staff availability .878 
Indirect impact of interest rates / inflation .474 
Insolvencies and bankruptcies  .585 
Factor: Socio-political conditions 
(Percentage variance explained = 74.6%) 
Loadings 
Civil strife or riots .885 
Influence of protest action groups .913 
Disruption due to environment concerns (floor, fire, noise) .789 
 
Based upon the factor analysis loadings obtained for factors, the majority are greater 
than 0.60, the specified loading for sample sizes of 85 - 99 (Hair et al., 2006). See 
appendix. There are some factors which have loadings a little lower than .60. These are 
analysing construction methods (.585), effective constructability review of design (.596) 
and the proximity to required resources (.551). It can be deemed that the items for all 
factor categories have good agreement. This means that the factors adequately 
describe these categories. 
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5.4 Main questionnaire analysis  
5.4.1 Clients’ influence 
Table 5.13: The influence of client understanding of the design, procurement and 
                     construction processes on project delivery time 
 
Factor 
U
n
s
u
re
 
Response (%) 
M
e
a
n
  
s
c
o
re
 
    R
a
n
k
 
 
DN 
 
Minor.............................Major 
   1    2    3   4   5 
Ability to effectively brief the 
design team 
 
0.0 
 
2.4 
 
5.9 
 
18.8 
 
27.1 
 
23.5 
 
22.1 
 
3.31 
 
1 
Ability to contribute ideas to 
the design process 
 
3.6 
 
2.4 
 
6.0 
 
16.9 
 
33.7 
 
15.7 
 
21.7 
 
3.21 
 
2 
Understanding the project‟s  
constraints 
 
1.3 
 
3.5 
 
10.6 
 
16.5 
 
25.9 
 
22.4 
 
20.0 
 
3.14 
 
3 
Stability of decisions 2.3 2.3 9.3 23.3 24.4 17.4 20.9 3.09 4 
Ability to quickly make 
authoritative decisions 
 
1.2 
 
3.5 
 
12.9 
 
21.2 
 
20.0 
 
20.0 
 
21.2 
 
3.04 
 
5 
Ability to contribute ideas to 
the construction  process 
 
3.6 
 
4.8 
 
11.9 
 
20.2 
 
23.8 
 
16.7 
 
19.1 
 
2.95 
 
6 
 
Table 5.13 presents the respondents‟ rating of the influence of client understanding of 
the design, procurement, and construction processes in terms of various factors on 
project delivery time. It is notable that all factors in the category have MSs > 2.60 ≤ 
3.40, which indicates that the factors have between a near minor to moderate / 
moderate influence on project delivery time.  
The factor with the most significant influence is the ability to effectively brief the design 
team. When intentions are not adequately expressed, it may lead to a revision of the 
design. The impact of lack of adequate briefing and revision of drawings regarding 
construction may be the demolition of a section of a building, and reconstructing the 
building. In addition, it may cause work stoppages before the completion of design 
revisions. All of these may lead to a substantial waste of time, which may culminate in 
project delay. 
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Following this factor is the ability to contribute ideas to the design team. All 
requirements of the client should be communicated to the design team prior to the 
awarding of the contract. The inadequacies emanating from the design stage due to 
poor client brief definitions invariably leads to rework and other problems during 
construction. Therefore, experienced poor definitions of clients brief on most projects 
may be due to the level of client understandings relative to the construction process and 
design related specific intents of a facility. 
The least significant factor is the ability to contribute ideas to the construction team. The 
business of construction, its constraints and methodology are the problem of the 
contractor. It is not compulsory for the client to be knowledgeable in construction or else 
there would be no need for contracting, particularly construction work. These may be 
the reasons why the factor is the least influential.  
5.4.2 Quality of management during design 
Table 5.14: The influence of quality of management during design factors on 
                      project delivery time 
 
Factor 
U
n
s
u
re
 
Response (%) 
M
e
a
n
  
s
c
o
re
 
    R
a
n
k
 
 
DN 
 
Minor..............................Major 
   1    2    3   4   5 
Conflicting design 
information 
 
2.3 
 
1.2 
 
13.8 
 
9.2 
 
23. 
 
24. 
 
26.4 
 
3.36 
 
1 
Missing information 1.2 2.3 11.6 15.1 25.6 20.9 23.3 3.22 2 
Timeliness of revised 
drawings  
 
8.1 
 
1.2 
 
14.0 
 
12.8 
 
23.3 
 
21.0 
 
19.8 
 
3.17 
 
3 
Expediting shop drawings 5.8 4.7 14.0 18.6 18.6 29.1 9.3 2.84 4 
Dimensional inaccuracies 2.3 3.5 20.9 12.8 32.6 11.3 16.3 2.78 5 
 
Table 5.14 presents the respondents rating regarding the influence of quality of 
management during design, on project delivery time. All factors in this category have 
MSs > 2.60 ≤ 3.40, which indicates that these factors have between a near minor to 
moderate / moderate influence on the project delivery time.  
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The factor that has the most significant influence in the category of quality of 
management during design is conflicting design information. The probable reason for 
this is the process it will take to correct a mistake. It may require checking the design 
from the beginning, which may take longer than expected. The second most significant 
factor is missing information. This factor may lead to delays as a result of carelessness 
or incompetence in design. Missing design information will inhibit the smooth flow of 
operations on site, therefore introducing delay to the scheduled project completion date. 
The least significant factor in this category is dimensional inaccuracies. Although this 
factor is the least influential in this category, it does not imply that its effect is negligible 
because of the time it takes to clarify inaccuracies may result in delay in the delivery of 
the project.  
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5.4.3 Quality of management during construction 
Table 5.15: The contribution of quality of management during construction 
                     factors on project delivery time 
 
Factor 
U
n
s
u
re
 Response (%) 
M
e
a
n
  
s
c
o
re
 
    R
a
n
k
 
 
DN 
 
Minor..............................Major 
   1    2    3   4   5 
Effectively coordinating 
resources 
 
3.5 
 
0.0 
 
2.3 
 
4.7 
 
19.8 
 
36.1 
 
33.7 
 
3.92 
 
1 
Developing an appropriate 
organisational structure to 
maintain workflow 
 
 
3.5 
 
 
1.2 
 
 
1.2 
 
 
5.8 
 
 
19.8 
 
 
361 
 
 
32.6 
 
 
3.88 
 
 
2 
Forecasted planning date, 
e.g. activity duration, 
resource quantities 
required, etc. 
 
 
 
4.7 
 
 
 
1.2 
 
 
 
4.7 
 
 
 
4.7 
 
 
 
16.3 
 
 
 
37.2 
 
 
 
31.4 
 
 
 
3.80 
 
 
 
3 
Responding to recover from 
problems or taking 
advantage of opportunities 
presented 
 
 
 
6.9 
 
 
 
0.0 
 
 
 
2.3 
 
 
 
6.9 
 
 
 
21.8 
 
 
 
32.2 
 
 
 
29.9 
 
 
 
3.77 
 
 
 
4 
Monitoring and updating 
plans to appropriately 
reflect work status 
 
 
2.4 
 
 
0.0 
 
 
3.5 
 
 
10.6 
 
 
29.4 
 
 
23.5 
 
 
30.6 
 
 
3.66 
 
 
5 
Analysing of work 
sequencing to achieve and 
maintain workflow 
 
 
2.4 
 
 
0.0 
 
 
3.5 
 
 
10.6 
 
 
29.4 
 
 
23.5 
 
 
30.6 
 
 
3.66 
 
 
6 
Analysing resource 
movement to and on site 
 
3.6 
 
1.2 
 
1.2 
 
13.1 
 
29.8 
 
32.1 
 
19.2 
 
3.50 
 
7 
Analysing construction 
methods 
 
2.4 
 
3.5 
 
4.7 
 
7.1 
 
35.3 
 
28.2 
 
18 
 
3.38 
 
8 
Respondents were required to rate the influence of quality of management during 
construction factors on project delivery (Table 5.15).  Seven out of eight factors have 
MSs > 3.40 ≤ 4.20, which indicates that factors have between a moderate to a near 
major / near major influence on project delivery time.   
The most influential factor in this range is effectively coordinating resources. The lack of 
effective control of resources, namely machines, materials and human resources may 
lead to disorder on construction sites. A clash of activities, which may in turn lead to a 
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lack of materials on site and a shortage of labour on site, may in turn result in low 
productivity. These all have an adverse cumulative effect on delivery time of project. 
The next significant factor is developing an appropriate organisational structure to 
maintain workflow. Construction activities are carried out by issuing instructions, and 
providing guidance and support. Instructions are given by superiors to subordinates. 
The labourers and supervisors must be aware of whom they must take instructions from 
and to whom to report to. A situation where these are not well defined may lead to poor 
performance on the project. A well defined organisational structure will assist in the 
maintenance of steady workflow. 
The factor with the lowest MS in this range is analysing movement of resources to and 
from the site. The various times resources are required on site should be estimated in 
order to avoid idleness which engenders waste. These could be in the form of time 
losses, which is indirectly wasting money, and may lead to bankruptcy and 
abandonment of the project.  
MSs > 2.60 ≤ 3.40, indicate that the factor has between a near minor to moderate / 
moderate influence on project delivery time. This was determined for one factor, 
namely, analysing construction methods.  
Owing to poorly skilled workers employed on projects, there is a need to examine their 
capabilities. In addition, where supervision is poor, poor workmanship may arise and 
culminate in rework that leads to delays. 
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5.4.4 Constructability of design 
Table 5.16: The influence of constructability factors on project delivery time 
 
Factor 
U
n
s
u
re
 
Response (%) 
M
e
a
n
  
s
c
o
re
 
    R
a
n
k
 
 
DN 
 
Minor..............................Major 
   1    2    3   4   5 
Participation in site 
inspection and control 
 
3.8 
 
2.5 
 
1.3 
 
7.5 
 
18.8 
 
27.5 
 
38.8 
 
3.86 
 
1 
Knowledge of performance 
of materials and 
components 
 
 
4.7 
 
 
1.2 
 
 
3.5 
 
 
10.5 
 
 
18.6 
 
 
38.4 
 
 
23.3 
 
 
3.62 
 
 
2 
Appropriateness of working 
space.  Its impact on 
smooth activity workflow 
and sequencing 
 
 
 
2.4 
 
 
 
2.4 
 
 
 
2.4 
 
 
 
11.8 
 
 
 
27.1 
 
 
 
27.1 
 
 
 
27.1 
 
 
 
3.56 
 
 
 
3 
Effective constructability 
review of design 
 
7.1 
 
2.4 
 
3.6 
 
10.7 
 
25.0 
 
29.8 
 
21.4 
 
3.44 
 
4 
Impact of materials storage 
and movement 
 
3.5 
 
0.0 
 
7.1 
 
7.1 
 
32.9 
 
34.1 
 
15.3 
 
3.42 
 
5 
Implication upon trade co-
ordinations 
 
8.4 
 
3.6 
 
1.2 
 
8.4 
 
28.9 
 
32.5 
 
16.9 
 
3.40 
 
6 
Appropriateness of design 
tolerances 
 
7.1 
 
1.2 
 
6.0 
 
15.5 
 
21.4 
 
34.5 
 
14.3 
 
3.29 
 
7 
Extent of modular 
dimensions in design 
 
11.6 
 
3.5 
 
4.7 
 
14.0 
 
23.3 
 
29.1 
 
14.0 
 
3.17 
 
8 
Complexity of off-site 
fabricated components 
 
14.1 
 
4.7 
 
4.7 
 
14.1 
 
15.3 
 
32.9 
 
14.1 
 
3.16 
 
9 
Scope of site fabrication 21.2 2.4 4.7 11.8 22.4 27.1 10.6 3.09 10 
Extent of grouping 
simultaneous 
 
12.9 
 
3.5 
 
4.7 
 
11.8 
 
32.9 
 
24.7 
 
9.4 
 
3.05 
 
11 
 
Table 5.16 presents respondents‟ rating of the influence constructability of design 
factors have on project delivery time.  It is observed that all factors in the category have 
MSs > 2.60 ≤ 3.40, which indicates that these factors have between a near minor to 
moderate / moderate influence on project delivery time.   
The most significant of these factors is the scope of site fabrication. One of the quickest 
ways of identification and correction of problems on site is the participation of the project 
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team during site inspections. Owing to the large pool of knowledge available when the 
project team is involved in inspections, their wealth of experiences and knowledge 
provide a platform for immediate solutions to identified problems on site, and therefore 
engender processes that minimises or eliminate project delays. 
The next factor is knowledge relative to the performance of materials and components. 
In the instance that a project manager or a contractor lacks adequate knowledge of 
material and component performance, it implies that when a material is not available for 
construction purposes the project will have to stop until such time that it would be 
available because alternatives cannot be suggested as a result of lack of knowledge of 
material performance. 
The third most significant factor is the appropriateness of working space. When the 
space available on site to carry out construction tasks is limited, it adversely impacts the 
smooth flow of activities and reduces the number of activities that can be done at any 
time. Where the working space is adequate numerous activities can be carried out 
simultaneously, thereby increasing the rate of building. 
The least significant factor in this category is the extent of grouping simultaneously. This 
factor is most effective relative to electrical installations. When comparing other sections 
of work with the impact this factor could have in speeding up work, it is negligible. 
Therefore, on the average, it could be deemed that it has a negligible effect on project 
delivery time. 
Table 5.17: The influence of planning and control methods’ factors on project 
            delivery time  
 
Factor 
U
n
s
u
re
 
Response (%) 
M
e
a
n
  
s
c
o
re
 
    R
a
n
k
 
 
DN 
 
Minor..............................Major 
   1    2    3   4   5 
 
Critical path method 
 
4.6 
 
1.3 
 
3.5 
 
2.3 
 
10.3 
 
32.2 
 
46.0 
 
4.09 
 
1 
Bar chart 2.3 1.2 2.3 5.8 18.4 36.8 33.3 3.89 2 
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Respondents were asked to rate the influence factors of planning and control method 
have on project delivery time (Table 5.17). The two factors in this category have MSs > 
3.40 ≤ 4.20, signifying a moderate to a near major / near major influence on project 
delivery time. 
The CPM is ranked first. The likely reason for this degree of influence is the fact that it 
enables the identification of critical activities, which when executed sequentially leads to 
timely delivery of projects. The bar chart is ranked after the CPM. It is a simple tool to 
use; understand, and interpret by most construction workers (middle level), but do not 
have the advantage mentioned above of CPM. 
Table 5.18: The influence of management style factors on project delivery time 
 
Factor 
U
n
s
u
re
 
Response (%) 
M
e
a
n
  
s
c
o
re
 
    R
a
n
k
 
 
DN 
 
Minor..............................Major 
   1    2    3   4   5 
Set time lines 2.3 0.0 3.5 0.0 14.9 37.9 41.4 4.13 1 
Specify goals people are to 
accomplish 
 
4.6 
 
0.0 
 
1.1 
 
5.7 
 
10.2 
 
40.9 
 
37.5 
 
4.06 
 
2 
Require regular reporting on 
progress 
 
2.3 
 
1.2 
 
2.3 
 
3.5 
 
17.4 
 
37.2 
 
36.1 
 
3.97 
 
3 
Provide specific direction 3.5 0.0 2.3 4.6 17.2 37.9 34.5 3.96 4 
Organise the work situation 
for people 
 
4.6 
 
1.2 
 
2.3 
 
9.2 
 
12.6 
 
41.4 
 
28.7 
 
3.79 
 
7 
Involve team members 
through discussion of work 
 
2.3 
 
1.2 
 
1.2 
 
4.8 
 
20.2 
 
35. 
 
34.5 
 
3.93 
 
5 
Provide support and 
encouragement 
 
3.5 
 
1.2 
 
1.2 
 
4.7 
 
23.5 
 
34.1 
 
31.8 
 
3.85 
 
6 
Organise the work situation 
for people 
 
4.6 
 
1.2 
 
2.3 
 
9.2 
 
12.6 
 
41.4 
 
28.7 
 
3.79 
 
7 
Seek people‟s opinion and 
concerns 
 
5.0 
 
1.3 
 
2.5 
 
12.5 
 
27.5 
 
25.0 
 
26.3 
 
3.54 
 
8 
 
Table 5.18 presents the respondents‟ rating of the influence of management style 
factors on project delivery time in South Africa. It is notable that all factors in this 
category have MSs > 3.40 ≤ 4.20, which indicates that these factors have between a 
moderate to near major / near major influence on project delivery time.  . 
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The factor that has the most influence on project delivery time in this category is setting 
time lines. Performance is measured in terms of work output / planned output or number 
of units produced per time. In order to achieve meaningful progress, managers need to 
define the number of tasks to be performed within a specified time. The lack of 
specification of time lines for the performance of activities may have an adverse effect 
on the delivery of projects. Construction activities have been described as difficult and 
masculine in nature. There are measures such as setting time lines which need to be 
applied for meaningful productivity to be achieved. 
The next significant factor is specifying the goals that people are to accomplish. 
Construction projects consist of activities and these activities need to be specified to 
workers and supervisors through information given by management for monthly, weekly 
or daily task executions until project completion. This is partly the reason for the need to 
provide a work schedule. When these details are not adhered to, it may have an 
adverse effect on the delivery time of projects. 
The least significant factor in this category, is sorting peoples‟ opinions and concerns. It 
is a managerial tool used for higher productivity, which is often not utilised. Workers are 
not very skilful in contributing ideas to improve work execution. Most of the workers are 
afraid to speak to their supervisors. These are the most likely reasons for this factor 
having the lowest impact on project delivery time. 
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Table 5.19: The contribution of motivation factors on project delivery time 
 
Factor 
U
n
s
u
re
 Response (%) 
M
e
a
n
  
s
c
o
re
 
    R
a
n
k
 
DN 
 
Minor..............................Major 
   1    2    3   4   5 
A sense of belonging and 
identification with the 
project team 
 
 
4.7 
 
 
0.0 
 
 
3.5 
 
 
9.4 
 
 
17.7 
 
 
36.5 
 
 
28.2 
 
 
3.74 
 
 
1 
Job security 5.9 0.0 2.4 12.9 17.7 41.2 20.0 3.61 2 
Opportunity to extend skills 
and experience, i.e. 
learning 
 
 
5.8 
 
 
0.0 
 
 
5.8 
 
 
7.0 
 
 
20.9 
 
 
39.5 
 
 
20.9 
 
 
3.60 
 
 
3 
Recognition (monitoring or 
kudos) of contribution made 
 
8.1 
 
0.0 
 
5.8 
 
7.0 
 
22.1 
 
31.4 
 
25.6 
 
3.60 
 
4 
Opportunity for career 
advancement – i.e. for 
future benefit 
 
 
6.1 
 
 
0.0 
 
 
7.3 
 
 
11.0 
 
 
26.8 
 
 
29.3 
 
 
19.5 
 
 
3.40 
 
 
5 
Achievement from meeting 
complex challenges 
 
8.2 
 
0.0 
 
5.9 
 
10.6 
 
27.1 
 
30.6 
 
17.7 
 
3.39 
 
6 
Pay an allowance 14.0 3.5 5.8 163 27.9 23.3 9.3 2.97 7 
Exercise of power 6.0 3.6 9.5 13.1 36.9 19.1 11.9 2.97 8 
 
Respondents were required to rate eight factors relative to the influence of workers‟ 
motivation on project delivery time (Table 5.19). These factors‟ MSs fall within the range 
> 3.40 ≤ 4.20 and > 2.60 ≤ 3.40. 
Five factors have MSs > 3.40 ≤ 4.20, which implies that these factors have between a 
moderate influence to a near major / near major influence on project delivery time, these 
factors are: a sense of belonging and identification with the project team; job security; 
opportunity to extend skills and experience, i.e. learning; recognition (monitoring or 
kudos) of contribution made, and opportunity for career advancement, i.e. for future 
benefit. 
The three other factors have MSs > 2.60 ≤ 3.40, which means that factors have 
between a near minor to moderate influence / moderate influence on project delivery. 
The factors within this range are: achievement from meeting complex challenges; pay 
an allowance, and exercise of power. 
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The factor with the highest rating is sense of belonging and identification with the project 
team. Belonging means to be a part of project matters, while identification with the 
project team comes from recognising every efforts and contributions. A worker that is 
made to understand that he / she belong to a team will not look elsewhere to find a 
sense of belonging rather he / she does all in his / her own ability to make sure the 
objectives of the team are achieved. The same is applicable to identification with the 
project team.  
The next factor in terms of influence is job security. When workers have an 
understanding that they have a bright future with the organisation, it motivates them to 
high productivity at all times. The factors motivating such a reaction are satisfaction with 
wages, the ability to sustain family and train children, and also an opportunity for further 
studies. 
The factor with the least influence is exercise of power. Every human being wants to be 
treated with respect, and to be recognised. Commanding attitudes at work may be the 
reasons for moderate influence on achieving high productivity. 
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Table 5.20: The contribution of site ground conditions’ factors on project delivery 
                     time 
 
Factor 
U
n
s
u
re
 
Response (%) 
M
e
a
n
 
s
c
o
re
 
 R
a
n
k
 
DN 
 
Minor......................................Major 
1 2 3 4 5 
Structural stability 
of ground 
 
2.4 
 
1.2 
 
5.9 
 
5.9 
 
11.8 
 
36.5 
 
36.5 
 
3.87 
 
1 
Impact of 
underground 
services 
 
 
2.4 
 
 
4.7 
 
 
4.7 
 
 
8.2 
 
 
17.7 
 
 
32.9 
 
 
29.4 
 
 
3.59 
 
 
2 
Impact of water 
table 
 
11.9 
 
6.0 
 
9.5 
 
10.7 
 
11.9 
 
15.5 
 
34.5 
 
3.52 
 
3 
Nature of 
restoration work 
 
5.9 
 
4.7 
 
9.4 
 
4.7 
 
15.3 
 
31.8 
 
28.2 
 
3.48 
 
4 
Extent of ground 
contamination 
 
5.8 
 
3.5 
 
8.1 
 
7.0 
 
23.3 
 
24.4 
 
27.9 
 
3.44 
 
5 
Impact of 
underpinning 
existing structure 
 
 
3.7 
 
 
7.3 
 
 
8.5 
 
 
9.8 
 
 
11.0 
 
 
29.3 
 
 
30.5 
 
 
3.40 
 
 
6 
Nature of 
demolition work 
 
4.7 
 
3.5 
 
10.6 
 
9.4 
 
22.4 
 
23.5 
 
25.9 
 
3.32 
 
7 
Extent of 
archaeological 
finds 
 
 
11.9 
 
 
6.0 
 
 
9.5 
 
 
10.1 
 
 
11.9 
 
 
15.5 
 
 
34.5 
 
 
3.31 
 
 
8 
 
Respondents were required to rate the influence of eight factors pertaining to site 
ground conditions on the delivery time of projects (Table 5.20). Five factors‟ MSs fall 
within the range > 3.40 ≤ 4.20, which signifies that these factors have between a 
moderate influence to a near major / near major influence on project delivery time. The 
factors in this range are: structural stability of ground; impact of underground services; 
impact of water table; nature of restoration work, and extent of ground contamination. 
The three other factors‟ MSs fall within the range > 2.60 ≤ 3.40, implying that the factors 
have between a near minor to moderate influence / moderate influence project delivery 
time. They are: impact of underpinning existing structure; nature of demolition work, and 
extent of archaeological finds. 
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Structural stability of the ground predominates among factors, the most likely reason for 
this being because foundations must be founded on ground that is stable. Often it takes 
longer than anticipated to reach this level.  A soil investigation should be conducted to 
assist in the design of the foundation type with reference to the type of structure to be 
constructed and relative to foundation depth.  
Following the factor structural stability, is the impact of underground services. A lot of 
time could be wasted in requesting for approval on diversions of underground service 
ducts. The work needed might include excavation, compacting, concreting of the base, 
laying of pipes, compaction, and final concreting. All of these might have to be done 
before the commencement of the project and may lead to delay in project delivery. The 
client should conduct a site investigation prior to awarding a contract.  
The least influencing factor of site ground conditions on project delivery time is the 
nature of demolition work. Compared to erecting a new structure, it does not take long 
to demolish a building and cart the debris away. In fact demolition work is fast and easy 
partly due to the availability of equipment and experienced personnel. 
Table 5.21: The influence of site access factors on project delivery time 
 
Factor 
U
n
s
u
re
 Response (%) 
M
e
a
n
 
s
c
o
re
 
R
a
n
k
 
DN 
 
Minor...............................Major 
1 2 3 4 5 
Storage space at or near 
ground level 
 
6.0 
 
0.0 
 
8.4 
 
9.6 
 
24.1 
 
35.1 
 
15.7 
 
3.78 
 
1 
Proximity to required 
resources 
 
3.6 
 
0.0 
 
3.6 
 
7.1 
 
25.0 
 
28.6 
 
32.1 
 
3.77 
 
2 
Requirement for 
restrictive hours 
 
6.1 
 
2.4 
 
6.1 
 
7.3 
 
18.3 
 
28.1 
 
31.7 
 
3.62 
 
3 
Congestion at site entry / 
exit points 
 
3.6 
 
1.2 
 
6.0 
 
6.0 
 
19.3 
 
44.6 
 
19.3 
 
3.60 
 
4 
Access to site entry / exit 
points 
 
2.4 
 
0.0 
 
4.8 
 
14.3 
 
21.4 
 
32.1 
 
25.0 
 
3.57 
 
5 
Storage space at upper 
levels 
 
7.3 
 
3.7 
 
11.0 
 
9.8 
 
22.0 
 
25.6 
 
20.7 
 
3.21 
 
6 
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Table 5.21 presents the rating of respondents relative to the influence of six site access 
factors on project delivery time. It is notable that five of the six factors have MSs > 3.40 
≤ 4.20, which indicates that respondents can be deemed to be of the opinion that these 
factors have between a near minor to moderate influence / moderate influence on 
project delivery time. These include: storage space at or near ground level; proximity to 
required resources; requirement for restrictive hours; congestion at site entry / exit 
points, and access to site entry / exit points. 
One factor „storage space at upper levels‟ has a MS > 2.60 ≤ 3.40, which signifies that 
the factor has between a near minor to moderate influence / moderate influence on 
project delivery time.  
Storage space near or at ground level is the most significant factor influencing project 
delivery time in the category. When storage space is to be located, it should be at 
ground level. If otherwise, it creates problems for loading and movement of materials. 
The ease of transporting materials especially to areas where they will be needed is very 
important.  
The next factor in terms of ability to influence project delivery time is proximity to 
required resources. The ease of accessibility of humans, materials and machines to the 
construction site is directly proportional to how fast the project can be completed. 
Delays might be experienced when the site is remote from these resources, owing to 
the time it will take to assemble them on site. 
Following proximity to required resources is the requirement for restrictive hours. 
According to the respondents, it can be deemed to have a moderate to a near major 
influence on project delivery time. Requirement for restrictive hours may adversely 
affect project delivery time, owing to the odd hours workers might have to work for the 
achievement of planned performance. It may require the organisation to introduce shift 
work. This may result in low productivity of workers. Some of the workers might have 
worked during the day on some other job and come to work at night again. Fatigue will 
result in low productivity of such workers: its cumulative effect being late delivery of the 
project.  
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The least significant influencing factor is storage space at upper floor levels. It is the 
least because material removal from storage spaces could be done by a separate work 
force. With this arrangement, the delay that would have occurred using upper levels for 
materials storage will be mitigated. 
Table 5.22: The influence of physical environmental conditions factors on project 
                      delivery time 
 
Factor 
U
n
s
u
re
 
Response (%) 
M
e
a
n
 
s
c
o
re
 
R
a
n
k
 
DN 
 
Minor......................................Major 
1 2 3 4 5 
Local weather 
patterns on site 
 
2.3 
 
0.0 
 
8.1 
 
14.9 
 
26.4 
 
21.8 
 
26.4 
 
3.43 
 
1 
Impact of natural 
hazards (fire, 
floods, etc.) 
 
 
7.0 
 
 
5.8 
 
 
11.6 
 
 
14.0 
 
 
9.3 
 
 
20.9 
 
 
31.4 
 
 
3.26 
 
 
2 
Ambient light 
conditions 
 
5.8 
 
8.1 
 
19.8 
 
18.6 
 
22.1 
 
18.6 
 
7.0 
 
2.47 
 
3 
Ambient noise 
conditions 
 
5.8 
 
10.5 
 
19.8 
 
19.9 
 
24.4 
 
14.0 
 
5.8 
 
2.32 
 
4 
 
Respondents were required to rate the influence of physical environmental factors on 
project delivery time in South Africa (Table 5.22). Two factors fall within the range > 
3.40 ≤ 4.20, and two within the range > 1.80 ≤ 2.60.  
MSs > 3.40 ≤ 4.20, indicate that factors have between a moderate influence to a near 
major / near major influence on project delivery time. The two factors that fall within this 
range are: local weather patterns on site, and impact of natural hazards (fire, and flood). 
A MS within the range > 1.80 ≤ 2.60, indicates that the factor has between a minor to 
near minor influence / near minor influence on construction project delivery time. The 
following factors fall within this range: ambient light conditions, and ambient noise 
conditions. 
The most significant influencing factor is local weather patterns on site. The likely 
reason is that rainfall occurs throughout the year in most parts of South Africa. This has 
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a negative impact on construction as activities are carried out in the open. Furthermore, 
temperatures of - 4 degrees are recorded in parts of South Africa. This may have a 
negative impact on production levels which may lead to delays. 
The least significant influencing factor is ambient noise level. The most likely reasons 
for this is that the effect of noise is controlled on site by the provision of safety wares 
and secondly, that most of the tasks that require the use of heavy equipment and have 
high noise levels are carried out away from the sites. This takes place on a 
prefabrication site. In addition, construction work has shifted from heating things 
together such as carpentry work, to coupling and screwing.  
Table 5.23: The influence of economic policy factor on project delivery time 
 
Factor 
U
n
s
u
re
 Response (%) 
M
e
a
n
 
s
c
o
re
 
R
a
n
k
 
DN 
 
Minor................................Major 
1 2 3 4 5 
Materials availability 1.2 0.0 3.5 4.6 11.5 35.6 43.7 4.11 1 
Equipment availability 1.2 0.0 5.8 3.5 18.4 35.6 35.6 3.91 2 
Supervision / Management 
of staff availability 
 
1.2 
 
0.0 
 
5.8 
 
6.9 
 
12.6 
 
41.4 
 
32.2 
 
3.87 
 
3 
Trades / Operatives 
availability 
 
1.2 
 
1.2 
 
4.7 
 
3.5 
 
18.6 
 
29.5 
 
31.4 
 
3.85 
 
4 
Insolvencies and 
bankruptcies  
 
6.9 
 
3.5 
 
9.2 
 
6.9 
 
11.5 
 
18.4 
 
43.7 
 
3.67 
 
5 
Indirect impact of interest 
rates / inflation 
 
6.9 
 
2.3 
 
9.2 
 
12.6 
 
31.0 
 
20.7 
 
17.2 
 
3.14 
 
6 
 
Respondents were requested to rate the influence of economic policy factors on project 
delivery time (Table 5.23). It is notable that five out of six factors‟ MSs fall within  the 
range > 3.40 ≤ 4.20, which means that respondents can be deemed to be of the opinion 
that these factors have between a moderate influence to a near major / near major 
influence on project delivery time. The factors are: materials availability; equipment 
availability; supervision / management of staff availability; trades / operatives 
availability, and insolvencies and bankruptcies. 
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The only factor that falls into the MS range > 2.60 ≤ 3.40, namely „indirect impact of 
interest rates / inflation‟, indicates that respondents can be deemed to be of the opinion 
that the factor has between a near minor to moderate influence / moderate influence on 
construction project delivery time.  
The most significant factor in this category is the availability of materials. The reason is 
that when other resources for construction are available and there is a lack of materials, 
then no work can be done. In a situation where resources are scarce, a slightly different 
result will be obtained – there will be no smooth progress on achievement of targets. 
These two situations may lead to delays in the delivery of projects.   
The factor following the availability of materials is availability of equipment. This may be 
a result of the fact that equipment is required for lifting and workmanship. There is 
hardly any task that does not require the use of equipment. In addition, there are 
different kinds of equipment, namely powered and mechanical. Powered equipment 
makes delivery of the work faster, while mechanical equipment takes a longer time. 
The least significant influencing factor is the indirect impact of the interest rate / inflation. 
The South Africa construction industry has been able to develop an automatic response 
to pricing regarding interest rates and inflation, which is used for costing. Therefore, this 
factor makes no real contribution to delays and project delivery time.  
Table 5.24: The influence of socio-political conditions factors on project delivery 
                      time 
 
Factor 
U
n
s
u
re
 Response (%) 
M
e
a
n
 
s
c
o
re
 
R
a
n
k
 
DN 
 
Minor...............................Major 
1 2 3 4 5 
Civil strife or riots 4.6 3.5 13.8 6.1 15.0 28.7 26.4 3.33 1 
Influence of protest action 
groups 
 
4.6 
 
5.8 
 
12.6 
 
8.1 
 
12.6 
 
34.5 
 
21.8 
 
3.25 
 
2 
Disruption due to 
environment concerns 
(floor, fire, noise) 
 
 
7.1 
 
 
3.5 
 
 
17.7 
 
 
7.1 
 
 
30.6 
 
 
22.4 
 
 
11.8 
 
 
2.89 
 
 
3 
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Respondents were required to rate the influence of socio-political condition factors on 
project delivery time (Table 5.24). The three factors‟ MSs  in this category fall within the 
range > 2.60 ≤ 3.40, which indicates that these factors can be deemed to have between 
a near minor to moderate influence / moderate influence on initial project delivery time. 
The factor with the highest influence is civil strife or riots. The basic initiator of civil strife 
and riot is agitation for higher wages. Agitation for higher wages by workers is 
applicable to all industries. Strikes in the transport industry may affect construction 
workers in that they might not have access to and from sites, especially when an 
organisation does not have its own transport vehicles. This may lead to project delays. 
The least significant factor in this category is disruption due to environmental concerns, 
such as floods and fire. Construction sites are normally cleared of shrubs and bushes 
that could cause fire, except those arising from electricity on sites. Construction sites 
could be considered safe from fire occurrences. Flooding does not occur frequently in 
South Africa. Based on these reasons, it can be concluded that these are the least likely 
reasons that respondents deemed this factor to have the least influence on project 
delivery time. 
Table 5.25: Ranking of factors’ according to their MSs 
 
Factor 
Valid 
number 
Standard 
deviation 
Mean 
score 
 
Rank 
Set time lines 87 0.96 4.13 1 
Materials availability 87 1.04 4.11 2 
Critical path methods 87 1.12 4.09 3 
Specified goals people are to accomplish 88 0.96 4.06 4 
Required regular reporting on progress 86 1.06 3.97 5 
Provided specific direction 87 1.00 3.96 6 
Involved team members through 
discussion of work 
 
84 
 
1.05 
 
3.93 
 
7 
Effectively coordinating resources 86 1.01 3.92 8 
Equipment availability 87 1.11 3.91 9 
Bar chart 87 1.09 3.89 10 
Developing an appropriate organisational 
structure to maintain workflow 
 
86 
 
1.06 
 
3.88 
 
11 
Structural stability of ground 85 1.22 3.87 12 
Supervision / Management of staff     
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availability 87 1.12 3.87 13 
Analysing of work sequencing  to achieve 
and maintain workflow 
 
85 
 
1.01 
 
3.86 
 
14 
Participation in site inspection and control 80 1.21 3.86 15 
Trades / Operatives availability 86 1.12 3.85 16 
Provided support and encouragement 85 1.05 3.85 17 
Forecasted planning date, e.g. activity 
duration, resource quantities required, 
etc. 
 
 
86 
 
 
1.16 
 
 
3.80 
 
 
18 
Organised the work situation for people 87 1.12 3.79 19 
Responding to recover from problems or 
taking advantage of opportunities 
presented 
 
 
87 
 
 
1.06 
 
 
3.77 
 
 
20 
Proximity to required resources 84 1.10 3.77 21 
A sense of belonging and identification 
with the project team 
 
85 
 
1.10 
 
3.74 
 
22 
Insolvencies and bankruptcies 87 1.51 3.67 23 
Monitoring and updating plans to 
appropriately reflect work status 
 
85 
 
1.14 
 
3.66 
 
24 
Knowledge of performance of materials 
and components 
 
86 
 
1.14 
 
3.62 
 
25 
Requirement for restrictive hours 82 1.32 3.62 26 
Job security 85 1.05 3.61 27 
Opportunity to extend skills and 
experience, i.e. learning 
 
86 
 
1.10 
 
3.60 
 
28 
Recognition (monitoring or kudos) of 
contribution made 
 
86 
 
1.15 
 
3.60 
 
29 
Congestion at site entry / exit points 83 1.14 3.60 30 
Impact of underground services 85 1.37 3.59 31 
Access to site entry / exit points 84 1.16 3.57 32 
Appropriateness of working space.  Its 
impact on smooth activity workflow and 
sequencing 
 
 
85 
 
 
1.22 
 
 
3.56 
 
 
33 
Sought people‟s opinion and concerns 80 1.17 3.54 34 
Impact of water table 85 1.31 3.52 35 
Equitable rewards relative to other‟s input 
to the project 
 
86 
 
1.11 
 
3.51 
 
36 
Analysing resource movement to and on 
site 
 
84 
 
1.07 
 
3.49 
 
37 
Nature of restoration work 85 1.45 3.48 38 
Effective constructability review of design 84 1.21 3.44 39 
Extent of ground contamination 86 1.38 3.44 40 
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Local weather patterns on site 87 1.26 3.43 41 
Impact of materials storage and 
movement 
 
85 
 
1.07 
 
3.42 
 
42 
Implication upon trade co-ordinations 83 1.15 3.40 43 
Impact of underpinning existing structure 82 1.58 3.40 44 
Opportunity for career advancement – 
i.e. for future benefit 
 
82 
 
1.16 
 
3.40 
 
45 
Achievement from meeting complex 
challenges 
 
85 
 
1.11 
 
3.39 
 
46 
Storage space at or near ground level 83 1.14 3.38 47 
Analysing construction methods 85 1.22 3.38 48 
Conflicting design information 87 1.40 3.36 49 
Civil strife or riots 87 1.49 3.33 50 
Pay an allowance 85 1.43 3.32 51 
Storage space at upper levels 84 1.59 3.31 52 
Ability to effectively brief the design team 85 1.30 3.31 53 
Missing information 84 1.17 3.29 54 
Impact of natural hazards (fire, floods, 
etc.) 
 
86 
 
1.60 
 
3.26 
 
55 
Influence of protest action groups 87 1.52 3.25 56 
Missing information 86 1.39 3.22 57 
Ability to contribute ideas to the design 
process 
 
83 
 
1.28 
 
3.21 
 
58 
Storage space at upper levels 82 1.40 3.21 59 
Extent of modular dimensions in design 86 1.23 3.17 60 
Complexity of off-site fabricated 
components 
 
85 
 
1.29 
 
3.16 
 
61 
Indirect impact of interest rates / inflation 87 1.27 3.14 62 
Understanding the project‟s constraints 85 1.39 3.14 63 
Timeless of revised drawings issue 86 1.35 3.12 64 
Scope of site fabrication 85 1.13 3.09 65 
Stability of decisions 86 1.36 3.09 66 
Extent of grouping simultaneous 85 1.14 3.05 67 
Ability to quickly make authoritative 
decisions 
 
85 
 
1.46 
 
3.04 
 
68 
Sought people‟s opinion and concerns 84 1.24 2.97 69 
Specified goals people are to accomplish 86 1.17 2.97 70 
Ability to contribute ideas to the 
construction  process 
 
84 
 
1.44 
 
2.95 
 
71 
Disruption due to environment concerns 
(floor, fire, noise) 
 
85 
 
1.35 
 
2.89 
 
72 
Expediting shop drawings 86 1.36 2.84 73 
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Dimensional inaccuracies 86 1.42 2.78 74 
Ambient light conditions 86 1.39 2.47 75 
Ambient noise conditions 86 1.37 2.32 76 
 
Table 5.25 indicates the influence of seventy-six factors on project delivery time. Setting 
time lines has the highest influence with a MS of 4.13, which means that time lines must 
be defined for every activity on site. This will afford measurement of performance.  
The availability of materials is ranked second (MS = 4.11), no materials, despite the 
availability of other resources will result in no progress on the project.  
CPM is ranked third (MS = 4.09) in terms of influence on project delivery time. This 
planning and control tool has the advantage revealing critical activities of a project from 
start to the end. This affords good control of project activities and enhances prompt 
delivery. 
The specification of goals people are to accomplish is ranked fourth (MS = 4.06). This 
provides the opportunity for the division of the whole tasks of the project. Allocating of 
tasks will assist in measuring performance. It is also a means of finding out whether the 
project is on or behind schedule. The performance of the project is seen and early 
corrective measures taken if need be. 
Required regular reporting on the project is ranked fifth (MS = 3.97). Actual performance 
should be measured against planned performance to find out whether the project is 
progressing as planned. In the instance where this is not done regularly, the project 
might be delivered late. This may be a result of non-performance that is not detected 
early enough. 
Provide specific direction is ranked sixth (MS = 3.96). The crew members should be 
aware of the specific direction the project is geared to. This will assist them in preparing 
for the various tasks to be executed in the form of the various equipment and materials 
that will be needed for the performance of these tasks. 
Involving team members through discussion of works is ranked seventh (MS = 3.93). 
The concept of allowing workers to understand that they belong to the team secures 
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their commitment to work, thereby positively affecting productivity. Project performance 
is negative when workers are not kept informed about the day-to-day running of an 
organisation. 
Effectively coordinating of resources is ranked eighth (MS = 3.92). Coordination of 
resources eliminates chaotic situations. The lack of coordination of resources may lead 
to non-sequencing of activities and may result in delays on project delivery.  
Equipment availability is ranked ninth (MS = 3.91). The availability of equipment assists 
in getting jobs done quickly, while the lack of equipment leads to delays. 
The bar chart planning and control tool is ranked tenth (MS = 3.89). The tool is simple to 
understand. This may be the reason for its ranking.  
Table 5.26: Category of top ten most influencing factors and their percentage 
                     frequency 
Category Factor frequency (No.) Percentage frequency (%) 
Management style 5 50.0 
Planning and control 
techniques 
 
2 
 
20.0 
Socio-political conditions 2 20.0 
Quality of management 
during construction 
1 10.0 
 
Table 5.26 presents the category of the top ten most influential factors on project 
delivery time. They are: management style; economic policy; planning; control 
techniques, and quality of management during construction. The percentage frequency 
relative to each category is 50% (management style), 20% (planning and control), 20% 
(socio-political factors), and 10% (quality of management).   
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The next ten most important factors fall within four categories, namely economic policy, 
quality of management during construction, management style, constructability of 
design and site ground conditions 
 
Table 5.27: Category of second set of top ten most influencing factors and their 
                     percentage frequency 
Category Factor frequency (No.) Percentage frequency (%) 
Quality of management 
during construction 
 
4 
 
40.0 
Management style 2 20.0 
Economic policy 2 20.0 
Site ground conditions 1 10.0 
 
Table 5.27 presents the percentage frequencies of the categories of factors, which are 
40% (quality of management during construction), 20% (management style), 20% 
(economic policy), and 10% (site ground conditions). It was found that quality of 
management during construction could negatively affect project delivery time. The 
factors pertaining to quality of management during construction to which attention 
should be given include effectively coordinating resources, developing an appropriate 
organisational structure to maintain the workflow, forecasting planning dates, For 
example, activity duration, resource quantification, and so on as well as the analysing of 
work sequence are important to achieve and maintain the workflow. It is noteworthy that 
all factors in the category of quality of management have a MS > 3.00, implying that 
they have the potential to negatively influence project delivery time.  
Based upon Table 5.25, the percentage frequency of the ten least influencing factors 
were categorised and presented in Table 5.28: 
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Table 5.28: Category of ten factors with the least influence  
Category Factor frequency Percentage 
frequency (%) 
Physical environmental conditions 2 20 
Clients understanding of the design, 
procurement and construction 
process 
 
 
2 
 
 
20 
Quality of management during 
construction 
 
2 
 
20 
Management style 2 20 
Constructability of design 1 10 
Socio-political conditions 1 10 
 
From Table 5.28 the categorisation of factors can be further divided into two classes 
based on their percentage frequency. These include those in the categories of 20% and 
10%. 
The 20% classification consists of the following categories: 
 Physical environmental conditions; 
 Clients understanding of design, procurement and construction processes:  
 Quality of management during construction, and 
 Management style. 
While the 10% classification consists of the following categories: 
 Constructability of design, and  
 Socio-political conditions. 
The ten least influential factors according to their categories are: 
 Physical environmental conditions: 
o Ambient light conditions, and 
o Ambient noise conditions. 
 Clients‟ understanding of design, procurement, and construction processes: 
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o Ability to contribute ideas to construction process, and 
o Ability to quickly make authoritative decisions. 
 Quality of management during construction: 
o Dimension inaccuracies, and 
o Expediting shop drawings. 
 Management style: 
o Seek people‟s opinion and concern, and 
o Specify goals people are to accomplish. 
 Constructability of design: 
o Extent of grouping simultaneously, and. 
 Socio-political conditions: 
o Disruption due to environmental concerns (floods and fire). 
Based upon their MSs (Table 5.25), it is notable that all these factors have MS > 2.50 
with the exception of ambient light and noise conditions. Specifically, other factors have 
MSs between > 2.60 and ≤ 3.40, which indicates they have between a minor to near 
minor influence / near minor influence and moderate influence to a near major / near 
major influence project delivery time. In addition, two factors namely the extent of 
grouping simultaneously (MS = 3.05), and the ability to quickly make authoritative 
decisions (MS = 3.04), fall within the range of having between a moderate influence to a 
near major / near major influence on project delivery time, while the others fall into the 
range of having between a minor to a near minor influence project delivery time.  
5.5 Testing of hypotheses 
Table 5.29 provides the results of the t-test test of means conducted on the hypotheses. 
Information such as: the valid numbers used; the means; standard deviations; the t-
values, and p-values are presented; which were obtained for the various hypotheses 
and are later analysed. 
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Table 5.29: Summary of t-tests conducted on the hypotheses 
 
Null hypotheses 
Test of means against reference constant (value) 
Valid 
Numbers 
Mean Standard 
deviation 
t-value p-value 
Client understanding of the 
design, procurement, and 
construction processes does 
not negatively influence 
project delivery time 
86 3.12 0.1269 0.94176 0.34898 
The quality of management 
during design does not 
negatively influence project 
delivery time 
87 3.06 0.1242 0.53205 0.59606 
The quality of management 
during construction does not 
adversely influence project 
delivery time 
87 3.73 0.0857 8.57020 0.00000 
The lack of implementation of 
constructability reviews on 
designs does not negatively 
influence project delivery time 
86 3.37 0.0836 4.45093 0.00026 
Inadequate construction 
planning and control 
techniques do not negatively 
affect project delivery time 
88 3.98 0.1032 9.57538 0.00000 
Motivation of workers does not 
negatively influence project 
delivery time 
88 3.40 0.8965 4.1494 0.00000 
A participatory management 
style does not significantly 
affect project delivery time 
88 3.92 0.8160 10.5963 0.00000 
Site ground conditions do not 
adversely influence project 
delivery time 
86 3.49 0.1203 4.10978 0.00091 
Site access conditions do not 
negatively influence project 
delivery time 
84 3.54 0.0996 5.42415 0.00001 
Physical environmental 
conditions do not negatively 
influence project delivery time 
87 2.87 0.1202 1.09144 0.27812 
Economic policy does 
adversely influence the 
delivery time of projects 
87 3.76 0.0963 7.87057 0.00000 
Socio-political conditions do 87 3.16 0.1331 1.23712 0.219411 
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not negatively influence 
project delivery time 
 
The t-test was conducted for the twelve hypotheses. The following are the conditions 
governing the testing: 
The significance level α = 5% (0.05), and  
The confidence level is at 95%. 
Null (µ) = 3 and alternative µ > 3, where µ = mean = 3. 
Cohen‟s d test was conducted to ascertain the effect size of the factors categories that 
describe the hypotheses. The results are reported after the presentation of the t-test 
whether the effect size is medium or large. 
5.5.1 First hypothesis  
The null hypothesis states that: 
Ho = clients‟ understanding of design, procurement, and construction processes does 
not significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = clients‟ understanding of design, procurement and construction processes does 
significantly influence project delivery time. 
Decision rule: 
If р – value < 0.05, then Ho is rejected, but р – value = 0.39, р > 0.05. 
Therefore, Ho clients‟ understanding of design, procurement and construction processes 
does not significantly influence project delivery time is supported since p > 0.05. 
It was observed that Cohen‟s d value, the effect size for clients‟ understanding of 
design, procurement and construction processes is negligible. 
5.5.2 Second hypothesis  
The null hypothesis states that: 
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Ho = the quality of management during design does not significantly influence project 
delivery time. 
H1 = the quality of management during design does significantly influence project 
delivery time. 
Decision rule: 
If р – value < 0.05, then Ho is rejected, but р – value = 0.596, p > 0.596 
Therefore, Ho   the quality of management during design does not significantly influence 
project delivery time is supported since p > 0.05. 
It was observed that Cohen‟s d value, the effect size for quality of design management 
is negligible. 
5.5.3 Third hypothesis  
The null hypothesis states that: 
Ho = the quality of management during construction does not significantly influence 
project delivery time. 
The alternative hypothesis states that: 
H1 = the quality of management during construction does significantly influence project 
delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.00. 
Therefore, H1 the quality of management during construction does significantly influence 
project delivery time is supported since p < 0.05. 
It was observed that Cohen‟s d value (0.92), the effect size for quality of management 
during construction was large. In this construct, all the factors that constitute it have 
great potential to cause delays in the delivery of projects. The three most influential 
factors are non-effective coordination of resources, non development of an 
organisational structure to maintain work flow and non-analysing of work sequence to 
achieve and maintain workflow.  
190 
 
5.5.4 Fourth hypothesis  
The null hypothesis states that: 
Ho = the constructability review of design does not significantly influence project delivery 
time. 
The alternative hypothesis states that: 
H1 = the constructability review of design does significantly influence project delivery 
time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.00 
Therefore, H1 the constructability review of design does significantly influence project 
delivery time is supported since p < 0.05. 
It was observed that Cohen‟s d value (0.48), the effect size for constructability review of 
design was medium. It means that the factors comprising the construct have medium 
practical influence on the delivery time of projects. Factor to give attention to during 
design are knowledge of performance of materials relative to alternatives, the 
appropriateness of working space and effective constructability reviews.  
5.5.5 Fifth hypothesis  
The null hypothesis states that: 
Ho = the planning and control tools do not significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = the planning and control tools do significantly influence project delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.00 
Therefore, H1 the planning and control tools do significantly influence project delivery 
time is supported since p < 0.05. 
It was observed that Cohen‟s d value (1.02), the effect size for planning and control 
tools are large. The planning and control that could cause delays on project was the 
critical path method because of its complexity. It is not understood by everybody. 
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5.5.6 Sixth hypothesis  
The null hypothesis states that: 
Ho = a participatory management style employed in the delivery of the project does not 
significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = a participatory management style employed in the delivery of the project does 
significantly influence project delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.00. 
Therefore, H1 a participatory management style employed in the delivery of the project 
does significantly influence project delivery time is supported since p < 0.05. 
It was observed that Cohen‟s d value (1.13), the effect size for management style 
employed in the delivery of the project was large. All factors that describe management 
style have the potential to influence delay on the project when ignored. The 
management factors to give attention to during construction to minimise their effect on 
delays are lack of setting time lines for the task, non-specification of goals people are to 
accomplish and the non-provision of specific direction to key staff. 
5.5.7 Seventh hypothesis  
The null hypothesis states that: 
Ho = motivation of workers does not significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = motivation of workers does significantly influence project delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.00. 
Therefore, H1 motivation of workers does significantly influence project delivery time is 
supported since p < 0.05. 
It was observed that Cohen‟s d value (0.45) the effect size for motivation of workers was 
medium. All factors of motivation of workers can be deemed to have an influence on 
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project delivery time. The three most influential factors that could have an adverse effect 
on labour performance and a resultant effect on project delivery time are the non- 
availability for the opportunity for career advancement (this increases labour mobility), 
non-payment of allowances (it will engender attraction of poor skill workers and lead to 
poor performance, rework and ultimately late delivery) and a lack of job security.  
5.5.8 Eighth hypothesis 
The null hypothesis states that: 
Ho = site ground conditions do not significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = site ground conditions do significantly influence project delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.00. 
Therefore, H1 site ground conditions do significantly influence project delivery time is 
supported since p < 0.05. 
It was observed that Cohen‟s d value (0.44) the effect size for site ground conditions 
was medium. In practical terms, all the sub-factors consisting of site ground conditions 
have a medium potential to adversely impact on project delivery time. The three most 
influential of these are structural stability of ground (this must be adequate to avoid 
partial or entire failure of structure); the non-discovery of underground services and the 
impact of the water table level (the discovery of a water table could have an adverse 
effect on project delivery time). 
5.5.9 Ninth hypothesis  
The null hypothesis states that: 
Ho = site access conditions do not significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = site access conditions do significantly influence project delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.00. 
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Therefore, H1 site access conditions do not significantly influence project delivery time is 
supported since p < 0.05. 
It was observed that Cohen‟s d value (0.59) the effect size for site access conditions 
was medium. In practical terms, all the factors which describe site access construct 
have the potential to adversely influence project delivery time. Three most influential 
factors that should be given attention are the  lack of proximity of the site to resources 
(adequate plans must be made to ensure materials are available on site long before 
they are needed); requirement for restrictive hours (an alternative arrangement must be 
in place to ensure that, plan work targets are achieved either by workers working on 
shifts), and as congestion at the site entry / exit points (all effort must be made to 
ensure that the entry / exit point is free of traffic).  
5.5.10 Tenth hypothesis  
The null hypothesis states that: 
Ho = physical environment conditions do not significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = physical environment conditions do significantly influence project delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.278. 
Therefore, Ho physical environment conditions do not significantly influence project 
delivery time is supported since p > 0.05. 
It was observed that Cohen‟s d value the effect size for physical environment conditions 
was negligible. 
5.5.11 Eleventh hypothesis  
The null hypothesis states that: 
Ho = economic policies do not significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = economic policies do significantly influence project delivery time. 
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If р – value < 0.05, then Ho is rejected, but р – value = 0.000. 
Therefore, H1 economic policies do not significantly influence project delivery time is 
supported since p < 0.05. 
It was observed that Cohen‟s d value (0.84) the effect size for economic policies was 
large. It was also observed that all the sub-factors of economic policy have the power to 
adversely influence project delivery time. Practically, three of such sub-factors are the 
non-availability of materials, the non-availability of equipment and tools, and the poor 
availability of supervision / management of staff. 
5.5.12 Twelfth hypothesis  
The null hypothesis states that: 
Ho = socio-political conditions significantly influence project delivery time. 
The alternative hypothesis states that: 
H1 = socio-political conditions do not significantly influence project delivery time. 
If р – value < 0.05, then Ho is rejected, but р – value = 0.219. 
Therefore, Ho socio-political conditions significantly influence project delivery time is 
accepted since p > 0.05. 
It was observed that Cohen‟s d value the effect size for socio-political conditions was 
negligible. 
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5.6 Analysis on delay (Question number 27) 
Table 5.30: Percentage delay on project delivery time 
Factors category Standard deviation Percentage mean 
(%) 
Quality of management during 
construction 
 
10.63 
 
4.9 
Physical environmental considerations 10.02 4.8 
Client understanding of design, 
procurement, and construction processes 
 
6.39 
 
3.4 
Economic policy 7.91 3.2 
Site ground conditions 5.54 3.0 
Constructability of design 6.42 2.9 
Quality of management during design 5.30 2.9 
Management techniques used for 
planning and control 
 
4.04 
 
2.4 
Management style 4.23 2.2 
Socio-political conditions 4.91 2.2 
Motivation of staff 3.46 1.8 
Site access 3.28 1.6 
Total  35.3 
 
The percentage mean was computed for the delays caused by factors in various 
categories. It was found that the factors identified in this research could cause 35.3% of 
delay with respect to the initial project time. These factors were those which constitute 
the twelve sub-problems of the study. 
From Table 5.30 above, an analysis of significance between factor tests (Table 5.32) 
was conducted to classify these categories of factors into levels of importance based on 
their mean scores. The t-test was used to compare the mean of two categories of 
factors, and on these, a grouping was made. Three levels were identified. They are: 
most; less, and least important. Table 5.31 below presents these groupings: 
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Table 5.31: Ranking of factors’ categories into importance level according to the 
                     mean percentage delay (n = 84) 
Importance 
Category 
Rank Factor Mean Std. Dev. Median Quartile 
3 
Maximum 
Most 
1 
Quality of management 
during construction 4.89 10.63 0.00 6.25 60.78 
2 
Physical environmental 
conditions 4.76 10.02 0.00 6.51 68.57 
3 
Clients understanding of 
design, procurement, 
and construction 
processes 3.38 6.39 0.00 5.14 42.29 
4 Economic policy 3.20 7.91 0.00 2.11 60.00 
Less 
5 Site ground conditions 3.00 5.54 0.00 4.63 27.59 
6 
Constructability of 
design 2.91 6.42 0.00 4.91 50.00 
7 
Quality of management 
during design 2.88 5.30 0.00 5.13 37.50 
8 
Management techniques 
used for planning and 
control 2.42 4.04 0.00 5.00 16.13 
9 Socio-political conditions 2.23 4.91 0.00 2.11 27.59 
10 Management style 2.16 4.23 0.00 1.79 19.05 
Least 11 Motivation of workers 1.84 3.46 0.00 2.20 17.65 
12 Site access 1.59 3.28 0.00 1.47 17.65 
Total    35.3         
 
Based on Table 5.32, Table 5.31 was formulated, which reveals that four categories of 
factors fall into the most important group. It can be deemed that respondents are of the 
opinion that factors that constitute these categories could have a negative influence on 
project delivery time. This occurs when attention is not given to them or when they are 
not adequately applied during the process of design, procurement and construction of a 
project. 
Six factors fall into the less important category. They are: site ground conditions; 
constructability of design; quality of management during design; management 
techniques used for planning and control; socio-political conditions, and management 
197 
 
style. These categories of factors have a moderate influence on project delivery time, 
according to the perception of respondents in the South African construction industry. 
Two categories of factors fall into the least important group. They are economic policy 
and socio-political conditions, indicating that the factors in them have a negligible 
influence on project delivery time according to the perception of respondents. 
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Table 5.32: The significance of mean difference among the twelve factor categories 
Factor 
grouping 
a 
Factor 
grouping 
b 
 
Factor grouping a 
 
 
Factor grouping b 
 
Difference 
In 
MS 
Significance 
t – test: Ho: µa = µb Practical 
MS SD MS SD t- statistic p - value Cohen’s d 
M27_1 
M27_1 
M27_1 
M27_4 
M27_10 
M27_11 
4.89 
4.89 
4.89 
10.63 
10.63 
10.63 
4.76 
3.38 
3.18 
10.02 
6.39 
7.91 
0.13 
1.51 
1.71 
0.12 
1.63 
1.69 
.906 
.107 
.095 
n.a. 
n.a. 
n.a. 
M27_1 
M27_8 
M27_8 
M27_8 
M27_8 
M27_8 
M27_8 
M27_2 
M27_5 
M27_6 
M27_12 
M27_9 
4.89 
2.99 
2.99 
2.99 
2.99 
2.99 
10.63 
5.54 
5.54 
5.54 
5.54 
5.54 
2.99 
2.91 
2.88 
2.42 
2.23 
2.16 
5.54 
6.42 
5.30 
4.04 
4.91 
4.23 
1.90 
0.08 
0.11 
0.57 
0.76 
0.83 
2.15 
0.12 
0.19 
1.09 
1.34 
1.56 
.034 
.905 
.851 
.277 
.184 
.124 
0.23 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
M27_8 
M27_3 
M27_3 
M27_7 
2.99 
1.84 
5.54 
3.46 
1.84 
1.59 
3.46 
3.28 
1.15 
0.25 
2.36 
0.68 
.021 
.500 
0.26 
n.a. 
 
 
Statistical significance (if p < .05). 
Practical significance (if d > 0.20), only if P < .05. n = 84.
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Table 5.33: Representation of title in Table 5.32 
Title Representation 
Quality of management during construction M27_1 
Constructability of design M27_2 
Motivation of workers M27_3 
Physical environmental conditions M27_4 
Quality of management during design M27_5 
Management techniques used for planning and control M27_6 
Site access M27_7 
Site ground conditions M27_8 
Management style                              M27_9 
Client‟s understanding of  design, procurement and construction 
processes 
 
M27_10 
Economic policy M27_11 
Socio-political conditions                                                  M27_12 
 
From the results in Table 5.33, it can be concluded that there are no significant 
differences between the mean factor scores:  
 In the category of quality of management during construction and the factors in 
the following categories:  
o Physical environmental conditions; 
o Client understanding of the design, procurement and construction 
processes, and  
o Economic policy. 
 In the category of site ground conditions and the factors in the following 
categories: 
o Constructability of design; 
o Quality of management during design; 
o Socio-political conditions;    
o Management style, and 
o Management techniques used for planning and control, and  
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 In the category of motivation of workers and site access. 
Categories of factors listed together with the quality of management during construction 
can be ranked most important based upon their influence on delays in the delivery of 
projects. Those listed together with site ground conditions can be regarded as slightly 
important, while motivation of workers and site access are least important. 
A space was provided in the questionnaire for respondents to comment on ways of 
reducing or eliminating delays on projects. These were collated and analysed, and are 
presented in Table 5.34. 
Table 5.34: Respondents’ comments on ways of minimising delays on projects 
Category of factors Frequency 
(No.) 
Percentage 
frequency (%) 
Ranking 
Management techniques used for 
planning and control 
 
12 
 
30.0 
 
1 
Client understanding of the 
design, procurement, and 
construction processes 
9 22.5 2 
Quality of management during 
construction 
9 22.5 2 
Quality of management during 
design 
5 12.5 3 
Management style 5 12.5 3 
Physical environmental conditions 2 5.0 5 
Constructability of design 1 2.5 6 
Motivation of workers 1 2.5 6 
Site ground conditions 1 2.5 6 
Site access Nil - - 
Economic policy Nil - - 
Socio-political conditions Nil - - 
 
Table 5.34 indicates that the most effective means by which delays can be minimised 
on projects, according to the perceptions of respondents, are through the use of 
effective planning and control techniques (30%). This is followed by quality of 
management during construction (22.5%) and clients understanding of the design, 
procurement, and construction processes (22.5%). There are two categories of factors 
ranked joint third: quality of management during design, and management style, both 
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with a 12.5% rating. The least influencing factors categories are site access, economic 
policy, and socio-political conditions. These categories of factors were not commented 
upon. 
5.7 Analysis of phase 2 questionnaire data 
5.7.1 Demographic profile of respondents regarding Phase 2 questionnaire 
It should be noted that all analyses of the demographic data in the phase 1 
questionnaire also applied to the Phase 2 data. Therefore, the researcher reports only 
on the demographic data in the Phase 2 questionnaire in this section. 
5.7.1.1 Phase 2 questionnaire: Sector distribution 
Table 5.35 indicates that 60% of the respondents are from the public sector, while 40% 
are from the private sector. Their views suggested recommendations to both public and 
private organisations. 
Table 5.35: Phase 2 respondents’ sector distribution 
Sector Frequency Percentage frequency (%) 
Public 6 60.0 
Private 4 40.0 
 
5.7.1.2 Phase 2 questionnaire: Years of establishment of organisation 
The mean number of years organisations have been established is 20 years. It is an 
indication that they may have handled many projects. 
5.7.1.3 Phase 2 questionnaire: Gender  
The majority of the respondents are male, representing 80% of the total sample. The 
females constitute 20% (Figure 5.10). 
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Female, 20%
Male, 80%
 
Figure 5.10: Gender distribution of respondents 
5.7.1.4 Phase 2 questionnaire: Respondents’ age distribution 
Table 5.36 indicates that respondents, whose ages fall within the age group 41-50 
years, predominate (50%). The second largest age group represented is 31-40 years 
(30%), followed by the age groups of 25-30 (10%), and over 50 years (10%). 
Table 5.36: Phase 2 respondents’ age distribution 
 
Age group (years) 
Frequency 
No. Percentage 
Under 25 - - 
25-30 1 10.0 
31-40 3 30.0 
41-50 5 50.0 
Over 50 1 10.0 
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5.7.1.5 Phase 2 questionnaire: Respondents’ highest formal qualifications 
Figure 5.11 presents the highest formal qualifications of respondents. Honours degrees 
(40%) predominate, followed by B Tech (20%), Postgraduate diplomas, Bachelor‟s 
degrees and Doctoral degrees – each have a 10% representation. 
 
 
 
Doctoral degree, 10%
Postgrad. diploma, 10%
Bachelors degree, 10%
B Tech, 20%
Masters degree, 10%
Honours degree, 40%
 
Figure 5.11: The highest formal qualifications of respondents 
5.7.1.6 Phase 2 questionnaire: Respondents’ profession 
Table 5.37 presents the professions of respondents. Quantity surveyors predominate 
(50%), followed by client (30%), and project managers (10%), and architects (10%). It is 
observed that almost all professionals in the industry were involved in the second phase 
data gathering, which implies that a wealth of experience was assessed. 
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Table 5.37: Respondents’ profession 
 
Profession 
Frequency 
No. Percentage 
Quantity surveyor 5 50.0 
Client 3 30.0 
Architect 1 10.0 
Project manager 1 10.0 
Total 10 100.0 
 
5.7.1.7 Phase 2 questionnaire: Respondents’ status 
Managers predominate (60%) in terms of the status of respondents (Figure 5.12). 
Managing directors / Managing members / Principals are the next largest group of 
respondents (20%). Directors / Senior executives and others constitute the remainder 
(10%) of the population sampled. 
MD/Managing member/Principal, 20%
Director/Snr executive, 10%
Other, 10%
Manager, 60%
 
Figure 5.12: Respondents’ status in organisation 
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5.7.1.8 Phase 2 questionnaire: Respondents’ years of experience 
The mean value for the years of experience of respondents is 19 years. 
5.7.1.9 Phase 2 questionnaire: Type of facility respondents have been involved in 
Most of the respondents have been involved in residential and institutional - health and 
education construction (Table 5.38). 12.5% of respondents have been involved in both 
commercial - office and recreational construction. A lesser percentage have been 
involved with commercial – retail, industrial and institutional – other construction. 
Respondents have hardly been involved in the construction of parking garages and 
hotels / motels. 
Table 5.38: Type of facility respondents have been involved in 
 
Type of facility 
Frequency 
No. Percentage 
Residential 5 15.6 
Institutional – education 5 15.6 
Institutional – health 5 15.6 
Commercial - office 4 12.5 
Commercial - recreational 4 12.5 
Commercial - retail 3 9.4 
Industrial 2 6.3 
Institutional – other 2 6.3 
Hotel / Motel 1 3.1 
Parking garage 1 3.1 
Total 32 100.0 
 
5.8 Phase 2 questionnaire: Regression analysis 
A Linear regression analysis was conducted to determine the relationships between: 
 Initial contract time and final contract time for the public and private sectors; 
 Initial contract time and final contract time for the public sector, and 
 Initial contract time and final contract time for the private sector. 
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5.8.1 Initial contract time and final contract time for the public and private sectors 
It should be noted that in all the tests that were conducted α is set at 5%. 
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 Initial time:Final time:   y = 13.1159 + 1.1341*x;
 r = 0.8750, p = 0.0000; r2 = 0.7655
 
Figure 5.13: Scattered plot for initial and final completion time of project (public 
                       and private) 
Based upon the correlation coefficient r = 0.86, the relationship between initial time and 
final completion time can be deemed to be strong and statistically significant because 
the p value is < 0.05 (Figure 5.13).  The predictive ability r2 = 0.77 is high. Therefore, 
the equation Y = 13.1159 + 1.1341x can be used to predict final completion time of 
project, where: Y is project final time, and x is initial project time. 
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5.8.2 Initial contract time and final contract time for the public sector 
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 Initial time:Final time:   y = 16.7912 + 1.0778*x;
 r = 0.8869, p = 0.0000; r2 = 0.7866
 
Figure 5.14: Scattered plot for initial and final completion time of project (public) 
The correlation coefficient r = 0.89 present the scattered plot in Figure 5.14 indicates 
that a strong linear relationship exists between the initial time and final completion time 
and is statistically significant as a result of the p value being < 0.05. The predictive 
ability r2 = 0.79 is high. Therefore, the equation Y = 16.7912 + 1.0778x can be used to 
predict final completion time of project, where: Y is project final completion time, and x is 
initial project time. 
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5.8.3 Initial contract time and final contract time for the private sector 
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 Initial time:Final time:   y = -8.6742 + 1.6194*x;
 r = 0.9040, p = 0.00000; r2 = 0.8172
 
Figure 5.15: Scattered plot for initial and final completion time of project (private) 
The result of the linear regression analysis resulted in a correlation coefficient r = 0.90, 
which indicates a strong linear relationship exists between the initial time and final 
completion time. Given that the p value is < 0.05, a statistically significant relationship 
exists between both times. The predictive ability r2 = 0.82 is high. Therefore, the 
equation Y = 16.7912 + 1.0778x can be used to predict the final completion time of a 
project, where: Y is project final completion time and x is initial project time. 
When comparing the results of the linear regressions analysis for the private and public 
sector it will be observed that the results obtained from the private sector have greater 
predictive ability. The combined result is recommended for use. 
5.8.4 Analysis of respondents’ comments 
This section discusses comments from respondents pertaining to the reasons for delays 
relative to the various projects reported on. 
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Table 5.39 below presents these comments and a ranking based upon their occurrence: 
 Table 5.39: Respondents’ views regarding causes of delays on projects 
Factors Frequency 
No. Percentage 
Late payment to contractor 23 35.9 
Contractor incompetence 12 18.8 
Contractors‟ cash flow problems 11 17.2 
Changes in design requirements (client) 4 6.2 
Contractor abandonment of project 3 4.7 
Late information 3 4.7 
Weather 2 3.1 
Access problem to site (high security area) 1 1.6 
No electrical reticulation 1 1.6 
Delay in appointment of sub-contractor 1 1.6 
Additional work 1 1.6 
Dispute between contractor and consultants 1 1.6 
Discovery of underground service duct 1 1.6 
Total 64 100.0 
 
Late payment to contractors (35.9%) predominates among factors that respondents 
cited as causes of delays in project delivery time (Table 5.39). This is followed by 
contractors‟ incompetence (18.8%), contractors‟ cash flow problems (17.2%); changes 
in design requirements from the client (6.3%); late information (4.7%) and contractors‟ 
abandonment of project (4.7%); weather (3.1%), and lastly six factors with the same 
percentage frequency. They are access problems to site; no electrical reticulation; delay 
in appointment of sub-contractors; additional works; a dispute between contractor and 
consultants, and the discovery of an underground service duct (1.6%). It is notable that 
42.3% of these causes of delays are contractor-related. 
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CHAPTER SIX:  A SYSTEMS MODEL FOR PROJECT DELIVERY TIME AND                          
                                 IMPLEMENTATION 
6.1 Introduction 
The evolution of a systems model for this study is an approach to develop a holistic 
understanding of the delivery process of building construction projects, the complexity of 
the interrelationships of tasks; the actions of professionals, and the influence the 
environment has on the process and delivery time of projects. Given that this study is 
investigating the relationship between actions initiated by professionals in the process of 
construction of a facility and its delivery time and that Illustration 6.6 presents a 
graphical review of the salient conclusions using a primary causal loop analysis and 
modelling, it is necessary to address systems thinking. 
Senge (2006) says that the art of systems thinking lies in being able to recognise 
increasingly (dynamically) complex and subtle structure amid the wealth of details, 
pressures and crosscurrents that attend all real management settings. In fact, the 
essence of mastering systems thinking as a management discipline lies in seeking 
patterns where others see only events and forces to react to. 
6.2 Tools 
The tools of systems thinking, inter alia, causal loop diagrams, consisting of arrows and 
various actions, enable interrelationships to be discussed more easily because they are 
based on the theoretical concept of feedback processes. 
6.3 System 
Senge (2006) describes a system as a perceived whole, whose elements hang together 
because they affect each other over time and operate toward a common purpose.  
Further, it is a discipline for seeing wholes, a general principle / framework for seeing 
interrelationships instead of linear cause-effect chains and patterns of change rather 
than static „snapshots‟. This results in seeing the deeper patterns lying behind the 
events and the details and this simplifies life. In addition, systems mean the basic 
interrelationships that control behaviour. In other words, systems are the operating 
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processes whereby we translate perceptions, goals and norms into actions. System 
thinking is a set of specific tools and techniques originating in two threads:  
 In ‟feedback‟ –  concepts of cybernetics, and in ‟servo-mechanism‟, and 
 It is a sensibility – for the subtle interconnectedness that gives living systems 
their unique character. 
6.4 Systemic structure 
In systemic thinking the structure is the pattern of interrelationships among key 
components of the system: the art of breaking problems into fragments, which makes 
complex tasks and subjects more meaningful. Consequently structure does not only 
include the hierarchy and process flows, but it also includes attitude and perceptions, 
the quality of products, the ways in which decisions are made and hundreds of other 
factors. 
Additionally, system thinking is having a deep understanding of the forces that must be 
mastered to move from here to there. System thinking needs the discipline of building 
shared vision, mental models, team learning and personal mastering to realise its 
potential: 
 Building shared vision fosters a commitment to the long term; 
 Mental models focus on the openness needed to increase shortcomings in our 
present ways of seeing the world; 
 Team learning develops the skill of growth of people to look for the larger picture 
beyond individual perspectives, and 
 Personal mastering fosters the personal motivation to continually learn how our 
actions affect our world. 
System thinking makes understanding the subtlest aspect of the learning organisation – 
the new way individuals perceive themselves and their world. A learning organisation is 
a shift of mind – from seeing ourselves as separate from the world to being connected 
to the world. It enables us to see problems not as caused by someone or something „out 
there‟, but to see how our own actions create the problems we experience. A learning 
212 
 
organisation is a place when people are continually discovering how they create their 
reality and how they can change it. 
6.5 The language of systems thinking: links and loops 
Language shapes our perceptions. The language of system thinking is the language of 
circles and also actions documented and arrows link these actions up in a loop (circle). 
These present certain patterns of structures, which are called archetypes. System 
archetypes help people to see those structures and thus find the leverage, especially 
amid the pressures and crosscurrents of real-life business situations. Leverage is 
eliminating the extreme instability that invariably occurs within a process. 
6.6 Reinforcing and balancing loops 
Reinforcing systems are the engines of growth. These are the new ideas, changes, 
actions integrated into the system which leads to experiential growth and collapse, in 
which the growth or collapse continues at an ever-increasing rate. 
A vicious or virtuous cycle cannot exist by itself, as somewhere it will run up against at 
least one balancing mechanism that limits it. 
Balancing processes are the mechanisms, found in nature, and all systems that fix 
problems, maintain stability and achieve equilibrium. Balancing refers to the various 
actions that are taken to maintain objectives, goals and productivity. 
6.7 Graphical review of the salient conditions 
The scope of the study entailed an investigation of the association between actions 
initiated by professionals in the industry and their impact on project delivery time. 
Project delivery is influenced by numerous factors and the fact that these factors impact 
on other factors. Several illustrations have been used to explain and highlight the salient 
conclusions. Therefore, the various illustrations constitute models for improving 
performance relative to the parameters and the industry overall. 
Relative to South African construction, the parameters initiated by the professionals, 
namely clients, contractors, designers and PMs are represented by a series of 
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concentric circles, the parameter in the outer circles exerting influence on the parameter 
in the inner circles (Illustration 6.1). 
 
Illustration 6.1: Influence of actions initiated by construction professionals on 
                            project delivery     
Illustration 6.1 requires further explanation: 
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 The South African construction industry is characterised by slow growth. Despite 
the high demand for construction services, negative growth and high interest 
rates have all had an effect on construction; 
 Client understanding of the design, procurement, and construction processes 
impacts on project delivery through, inter alia, a lack of understanding of project 
constraints, ineffective briefing, a lack of ability to contribute to the design and 
construction team, slow decision-making as well as the instability of decisions. 
These have a resultant effect of slowing down construction speed; 
 Design-related problems, which marginalise performance relative to project 
delivery. Investing quality time at the design stage is crucial to design being 
devoid of revisions, missing information and dimension ambiguity. Design-related 
problems result in increased pressure, stress, and ultimately project periods that 
may be incompatible with the objective, which is the scheduled delivery of 
projects; 
 There are numerous problems regarding the management of construction 
processes of which the South African construction industry is not free. These are 
poor construction methods, late inspection and approval of works, inadequate 
planning, a lack of knowledge of activity sequencing, a lack of a health and safety 
plan as well as an inadequate knowledge of forecasting / scheduling of materials, 
plant and equipment and human resources to and from a site. All of these exert 
influences on the delivery time of projects. The South African culture disregards 
procedures, regulations and rules, which in turn manifest itself in, inter alia, the 
taking of risks and ultimately a high level of occupational-related fatalities; 
 Motivation is defined as a tool for high productivity. Nationwide in South Africa, 
labourers‟ wages are low. This is evidenced by the incessant striking by 
labourers. Construction activities are carried out by labourers. The management 
staff - top, middle and lower - only carry out supervisory duties and are not 
affected by poor wages. Therefore, when the wages of labourers are poor they 
may negatively affect productivity and the resultant effect is a delay in the 
delivery of the project. Consideration should be given to motivational factors such 
as good pay, recognition of achievement either in kind or in monetary terms, a 
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sense of belonging – sourcing for workers‟ ideas, as well as, an opportunity to 
extend skills or study. The aforementioned factors affect delivery time in the form 
of low standard of work which results in cost increases and rework. Rework leads 
to delays; 
 Soil investigations should be conducted to obtain information about the prevailing 
geophysical condition of the ground. When this is not done, the estimation of 
project duration may be inappropriate. The structural stability of ground, the 
extent of ground water contamination, the impact of the water-table and 
archaeological findings negatively impact on project delivery time;  
 The nature of site access to any project will impact on project delivery. The 
extent of traffic flow with respect to the transportation of human and materials 
resources will depend on the nature of site access. Sites that are not accessible 
throughout the year, that experience congestion at site entry points and are far 
from resources, these may reduce productivity of workers and may negatively 
affect the project delivery time;  
 Construction industry design teams undertake the design and specifications. 
Constructability reviews should be conducted at the design stage. This will be 
useful in terms of ease of construction and realisation of on schedule project. A 
lack of constructability review may result in constant revision of the design and 
ultimately delay project delivery time; 
 Construction activity is described as: hard; difficult; cumbersome and masculine 
in nature. It requires men with an iron hand to be successful in the industry. The 
management style employed in construction may positively or negatively affect 
project delivery time. In the instance, where goals are not specified; time lines for 
activities are not set; the work situation is not organised, and workers‟ opinions 
and concerns are not sought, may negatively affect delivery time; 
 Techniques for planning and control should be simple and easy to understand by 
all workers. This will facilitate high productivity. Conversely, complex planning 
techniques may result in misinterpretation and a lack of sequencing of 
construction activities, resulting in project delay; 
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 Workers should be provided with protective wares against cold and high 
temperatures, personal protective equipment to avert injuries. This will reduce 
accidents and absenteeism which has a negative impact on productivity; 
 Economic policy affects interest rates, trades / operatives and equipment 
availability, and insolvencies and bankruptcy impact on project delivery time. 
High interest rates may result in fewer investments in the industry services. 
Labour policy may also affect the availability of trades / operatives and 
equipment availability to execute construction tasks. This, in turn may result in a 
negative impact on project delivery, and 
 The socio-political conditions of a nation such as civil strife or riots, which are 
natural occurrences any project can experience can negatively affect project 
delivery time. 
Illustrations 6.2 to 6.6 are based on the casual loop analysis and modelling and provide 
a graphical presentation and explanation of the salient findings and conclusions of the 
study. 
The right-hand circle in Illustration 6.2 indicates that the acceptance of poor 
performance reinforces poor performance. The only way to break this cycle represented 
by the break in the arrow between poor performance and acceptance is for contractors 
to acknowledge that poor performance can be remedied. This acknowledgement 
invariably results from an awareness engendered by internal and / or external 
influences. Management commitment invariably follows the acknowledgement that a 
problem exists and is a prerequisite to remedying the poor performance. The 
implementation of an improvement process using TQM entails primarily the following 
steps: improve plan; enhance quality; enhance plant and equipment; improve labour 
productivity, and enhance H&S. The aforementioned result in: enhanced performance, 
as a result of individual contributions, and the synergy between them. The enhanced 
performance both reinforces the awareness that poor performance can be remedied 
and engenders management commitment which sustains the cycle. TQM being a 
strategy to realise continuous improvement eliminating delays i.e. a process as opposed 
to a programme, also contributes to sustaining the cycle. 
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Illustration 6.2: Contractor-driven improvement of construction process 
 
Illustration 6.3 presents a contractor resolution of a lack of commitment vicious circle. 
Similar to the case of poor performance, the only way to break the cycle, represented by 
the break in the arrow between a contractor lack of commitment and a lack of a H&S 
plan, inadequate planning and rework. The problem is that an endeavour to minimise 
cost by the employment of unskilled labour, inadequate planning, and a lack of 
implementation of a H&S plan results in accidents, injuries and fatalities which ultimately 
lead to a reduction of productivity and being behind schedule. Ultimately this leads to 
late delivery of the project. The aforementioned result in late delivery as a result of both 
their individual impact and the negative impact they have on each other. The late 
delivery of the project which results from a contractor‟s lack of commitment, inter alia, 
non-implementation of an H and S plan and employment of unskilled labour sustains the 
cycle. 
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Illustration 6.3: Contractor resolution of lack of commitment vicious circle 
The right-hand ellipse in Illustration 6.4 indicates that certain practices and / or the 
downstream of a lack of designers‟ commitment may result in the schedule deadlines 
not being met. However, the late revision of design, late resolution of design ambiguity, 
late provision of information, late issuance of instruction and slowness in approval of 
works could result in the project being behind schedule. 
 
Illustration 6.4: Designers’ resolution of lack of commitment vicious circle 
The right-hand circle in Illustration 6.5 reveals that client commitment to and 
appreciation of the role of appropriate procurement systems in enhancing performance 
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engenders the selection thereof. An appropriate procurement system in turn engenders 
client commitment to enhanced performance. The client commitment to enhanced 
performance is essential for the selection of an appropriate system where the 
appointment of designers precedes the selection or procurement system and contractor. 
Client commitment to an appreciation of the role of design quality assurance (QA) in 
enhanced performance is essential for the implementation thereof. Client lack of 
commitment engenders slow decision-making and the withholding of cash which result 
in the contract lagging behind and ultimately lead to late delivery. 
An appropriate procurement system will facilitate pre-qualification of contractors, and 
constructability review. Designer and client commitment and contributions to TQM in 
turn are facilitated by design QA, constructability review and TQM contractors. 
 
 
Illustration 6.5: Client resolution of lack of commitment vicious circle 
The implementation of constructability reviews constitutes an essential intervention in 
design QA. 
Pre-qualification of the contractor on H&S, productivity via technical expertise, plant and 
equipment; a record of past projects; work schedule and human resources schedule, as 
well as quality criteria, engender the engagement of TQM contractors. A constructability 
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review enables a contractor to contribute to the realisation of optimum design, which in 
turn engenders TQM. 
Quality assured design: TQM contractors and constructability reviews engender TQM 
and ultimately enhance performance. 
Enhanced performance contributes to the sustainability of the cycle through the 
reinforcement of client awareness and consequently, client commitment. 
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Illustration 6.6: The holistic role of influences on construction project delivery time in industry performance 
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The right-hand ellipse in Illustration 6.6 indicates the holistic role of the pre-qualification 
of contractors, commitment of designers to improve design, tendering documents and 
TQM contractors in overall performance, directly and indirectly, and ultimately the image 
of the construction industry. Clients are the initiators of a project. Whatever affects the 
client has a direct or indirect effect on other professionals in the industry. A lack of client 
commitment facilitates a lack of designer and contractor commitment to the processes 
of construction. A client lack of commitment as a result of poor performance, which will 
lead to, inter alia, clients‟ non-release of funds and slowness in decision-making, 
ultimately resulting in the contract being behind schedule.  
A lack of commitment by the client leads to, inter alia, a lack of commitment by the 
designer and contractor. A lack of client commitment results in client prioritisation of 
cost, which in turn results in budget pressure on the contractor in an endeavour to be 
price competitive, marginalises H&S and engenders accidents, injuries and fatalities 
which result in absenteeism and reduced productivity. Further, it engenders the use of 
inadequate / poor materials and unskilled labour, which ultimately results in rework and 
the project being behind schedule. 
Inadequate / poor skills, inadequate materials as well as, inadequate plant and 
equipment engender poor practices which result in: accidents; poor labour productivity; 
rework, and poor schedule performance. However, the aforementioned result in poor 
performance as a result of both their individual impact and the negative synergy 
between the other manifestation of poor practices, fuelled by the catalysts of accidents 
and rework.  
A lack of client commitment manifests itself in, inter alia, a lack of pre-qualification of 
contractors and sub-contractors constituting poor practice. A lack of designer 
commitment manifested in, inter alia, the lack of design QA also constitutes poor 
practice. 
Although poor performance results in client, designer, contractor and workers‟ 
dissatisfaction due to, inter alia, late completion, increased supervision and reduced 
profit directly as a result of rework and accidents, a further aspect is that of poor image. 
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Poor image marginalises the ability of the industry to attract „suitable‟ human resources 
at both management and worker level. 
An associated problem of poor image is the perception that „anyone can contract‟, which 
results in unqualified people entering the industry at both management and worker 
level. These, in turn, force skilled human resources, at management and worker level to 
leave the construction industry for other industries owing to the working and other 
conditions. The aforementioned merely worsens the situation relative to the level of 
skills. 
The left-hand ellipse indicates that the only way to break the cycle represented by the 
right-hand ellipse, represented by the break in the arrow between poor performance and 
client / designer / contractor / owner dissatisfaction, lack of designers‟ commitment and 
lack of contractors‟ commitment is for the industry and the primary construction industry 
stakeholders to acknowledge that poor performance can be remedied. The 
acknowledgement of a problem and the fact that the problem can be remedied is a 
prerequisite for commitment. 
Industry commitment is essential. Registration of contractors based on criteria 
engenders a core of suitable contractors. Professionals and industry associations 
should embrace, promote and engender „best practice‟, so to tertiary education and 
other training bodies which read to production of „optimum‟ human resources. 
Professional and industry associations can evolve „best practice‟ guidelines and are 
benchmarks and enforce construction activities to be practiced according to the 
benchmark of industry stakeholders. Industry commitment reinforces client, designer 
and contractor commitment which is engendered by benchmarking, optimum human 
resources and „suitable‟ contractors. 
Client commitment engenders designer and contractor commitment and is essential to 
realise the selection of an appropriate procurement system for the practice of pre-
qualifying contractors, for effective project delivery as well as for constructability 
reviews. 
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Contractor commitment is important for the implementation of an H&S programme, the 
proper planning of resources, plant and equipment, materials, adequate sequencing of 
activities and the engagement of skilled workers which collectively realise TQM 
contractor and facilitate TQM. 
Designer commitment engenders contractor commitment and is essential to realise the 
selection of an appropriate procurement system, for the implementation and practice of 
design QA as well as for effective constructability reviews. 
An appropriate procurement system facilitates constructability reviews and engenders 
the pre-qualification of contractors. Design QA complements constructability reviews 
and the practice of TQM. 
TQM results in enhanced H&S, improved labour productivity, and enhanced quality and 
schedule, which individually and as a result of the synergy between them, result in 
enhanced performance. 
Enhanced performance results in: enhanced client, designer, contractor and worker 
satisfaction, which in turn results in the project being delivered on schedule, as well as 
an enhanced image, which reinforces the acknowledgement and awareness that poor 
performance can be remedied. However, a critical aspect is that enhanced image 
enhances the ability of the industry to attract „suitable‟ human resources culminating in 
improve productivity and projects delivered on schedule. 
The relationships expressed in Illustration 6.6 are the salient deliverables, which this 
study has identified in terms of the influences on project delivery time. A validation of 
Illustration 6.6 will authenticate these reactions and mitigating actions proffered would 
drastically minimise or eliminate delays in project delivery time. 
6.8 Proposed model for the delivery of project on time  
The research findings enabled the identification of the factors that are problematic and 
require attention. These can be summed up as poor performance practices in the 
building construction industry in South Africa which leads to the late delivery of projects. 
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The identification of the problem resulted in the identification of the related aspects 
linked to each problem. The problem of delay from the findings is mainly construction-
related. A construction stage related problem has associated links to all other stages of 
project delivery. These stages begin with the briefing up to the handing over of the 
project. Therefore the model proposes an intervention at the various stages in order to 
ensure project delivery on time. 
The model is discussed in this section and the model unfolds in the following sequence: 
 Basis for the model; 
 The model flowchart; 
 Elements constituting the model;  
 Validation of the model, and  
 Summary of the validation of the model. 
6.8.1 Basis for the model 
In developing the model, the aim was to provide a structural systemic process which 
professionals in the building industry can adopt in realising building facilities (projects) 
without  delays, stemming from the most significantly influencing factor category, which 
is management style and construction related. It implies that the construction stage is 
crucial to the delivery of projects and that whatever transpires in the construction stage 
affects the project delivery time. Therefore the construction stage is the focus. But the 
construction stage cannot on its own, be the only determining stage to projects being 
delivered on time of all the stages of facility procurement. It is important to note that: 
client briefing and quality of design have an impact on the speed of construction; client 
commitment to the project success has an impact on the construction stage of a project. 
The contributions of the client towards the project success are in terms of commitment 
to an appropriate procurement system, such as the pre-qualification of contractors / 
sub-contractor / supplier i.e. sourcing for TQM contractors. 
Based upon the foregoing, six stages of projects were identified, namely briefing / 
design, pre-qualification of contractors / sub-contractors, pre-qualification of suppliers, 
tendering, construction and testing of installation stages. There might be gaps in the 
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performance of professionals at various stages of construction. Therefore,  built 
environment tertiary education has been proposed as the seventh stage. 
6.8.2 The model flowchart 
The model proposed for the delivery of projects on time is presented below: 
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Illustration 6.7: Model for the delivery of project on time 
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6.8.3 Elements constituting the model 
In conjunction with the preceding chapters that provided theories and empirical findings, 
the purpose of this section is to discuss in detail the elements that constitute the 
proposed model for the delivery of projects on time. It is recommended to the South 
African construction industry that consideration be paid to the various interventions 
contained in each stage of construction as, the basis for the successful completion of a 
project on time. 
In order to achieve the purpose of the development of the model which is the 
improvement of the delivery of construction projects, the model processes commence 
with a description of the stages involved in the realisation of a project. It is based on the 
fact that the initiator of a project does not need to acquire a built environment 
qualification before he / she can build. The description commences from the briefing 
stage. 
The model consists of seven stages. The stages and the interventions at each stage 
are: 
 The briefing / design stage: 
o Adequate briefing by the client; 
o Well defined functionality of design; 
o Accurate coordination of design; 
o Lack of dimension ambiguity; 
o Adequate estimation of project cost; 
o Ascertaining client financial capability, and 
o Reviewing constructability of design at design stage; 
 Pre-qualification of contractors / subcontractors stage: 
o Ascertaining contractor‟s H&S plan consideration; 
o Verification of equipment, and plant; 
o Ascertaining past records of contractors and subcontractors; 
o Ascertaining the financial capability of contractors and subcontractors, and 
o Verification of contractors‟ and subcontractors‟ quality assurance plan; 
 Pre-qualification of suppliers: 
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o Accessing the past record of suppliers; 
o Ascertaining the financial capability of suppliers; 
o Ascertaining the educational qualifications of suppliers regarding materials 
performance knowledge, and 
o Owned assets of suppliers such as light delivery vehicles; 
 Tendering stage: 
o Inclusion of work schedule in tender document by contractor; 
o Inclusion of human resource schedule in tender document by contractor; 
o Inclusion of plant and equipment schedule in tender document by 
contractor, and 
o Inclusion of quality assurance plan in tender document by contractor; 
 Construction stage: 
o Contractor and consultant checking quality of materials supplied as they 
arrive on site, and carrying out steel test; 
o Contractor monitoring of subcontractor work; 
o Weekly / monthly meeting with key staff / subcontractors; 
o Planning activities that weather could affect; 
o Determining to what extent planning two weeks ahead contributes to 
eliminating delays in project delivery; 
o Prompt issuance of instructions and payments; 
o Prompt inspection and approval of work by consultants, and  
o Testing of concrete strength regarding ascertaining its strength against 
rework; 
 Testing of installation before handing over: 
o Testing electrical installation; 
o Testing mechanical (plumbing) installation; 
o Ascertaining the functionality of windows; 
o Checking drains / spouts for blockages, and 
o Checking roofs for leaks, and 
 Built environment tertiary education: 
o Quality management competencies; 
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o Operational planning (work planning) relative to each discipline; 
o Design management, and  
o Generic management. 
6.8.4 Validation of the model 
A survey was conducted amongst professionals in the building construction industry in 
order to validate the model presented (Illustration 6.7). A total of twenty-four 
professionals representing various professions relative to the building construction 
industry were surveyed using the validation questionnaire. These professionals are 
architects, quantity surveyors, builders, and clients. The MS, percentage frequency and 
test of means difference were employed in the analysis of the data. To enable 
interpretation of the MS, the MS range used during the interpretation of means of data 
from the first phase questionnaire analysis were used.  
6.8.5 Data presentation and analysis 
Below is a presentation of data and its analysis for model validation. 
Table 6.1 Cronbach’s α for validation data 
Interventions category Cronbach’s α 
Pre-qualification of suppliers 0.96 
Testing of installation stage 0.95 
Built environment tertiary education 0.91 
Briefing  / Design stage 0.82 
Tendering stage 0.79 
Pre-qualification of contractors / subcontractors 0.75 
Construction stage 0.68 
 
The Cronbach‟s α value for interventions category are all > 0.70 except for the 
intervention category construction stage which falls short of this mark by 0.02; it does 
not make a great difference from 0.70. Reasons were sought for this shortfall by trying 
to improve the category. A one-by-one elimination of interventions was conducted and 
the best Cronbach‟s value that was obtained is 0.70. The result is presented in Table  
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6. 2. Based upon these, the internal consistency of the data can be deemed reliable. 
Table 6.2: Improvement of interventions at construction stage 
 
Intervention 
Cronbach’s α if factor is 
removed 
Prompt issuance of instructions  0.70 
Testing of concrete strength regarding ascertaining of it‟s 
strength against rework 
 
0.70 
Prompt payment of interim certificates and payments  0.69 
Determining to what extent  planning will work two weeks 
before it takes place, contributing to eliminating delay in 
project delivery 
 
 
0.66 
Prompt inspection and approval of work by consultants  0.66 
Contractor and consultant  checking quality of materials 
supplied as they arrive on site, and carrying out steel test  
 
0.62 
Weekly / monthly meeting with key staff / subcontractors  0.62 
Planning ahead activities of work that weather could 
affect  
 
0.62 
Contractor monitoring of sub-contractors work  0.59 
 
 
Table 6.3: Ranking of interventions categories  
 
 
 
 
 
 
Factor per category U
n
s
u
re
 
Responses (%) 
 
M
e
a
n
 
s
c
o
re
 
  
  
 R
a
n
k
 
 
Minor..............................Major 
     1    2    3   4   5 
Construction stage:  
Weekly / monthly meeting 
with key staff / 
subcontractors  
 
 
0.0 
 
 
0.0 
 
 
4.2 
 
 
8.3 
 
 
29.2 
 
 
58.3 
 
 
4.42 
 
 
 
 
 
 
 
 
Determining to what extent 
planning will work two 
weeks before it takes place, 
contributing to eliminating 
delay in project delivery 
 
 
 
 
0.0 
 
 
 
 
0.0 
 
 
 
 
0.0 
 
 
 
 
20.8 
 
 
 
 
25.0 
 
 
 
 
54.2 
 
 
 
 
4.33 
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Planning ahead activities of 
work that weather could 
affect  
 
 
0.0 
 
 
0.0 
 
 
0.0 
 
 
20.8 
 
 
29.2 
 
 
50.0 
 
 
4.29 
 
 
 
 
 
1 
 
Prompt inspection and 
approval of work by 
consultants  
 
 
0.0 
 
 
0.0 
 
 
0.0 
 
 
16.7 
 
 
37.5 
 
 
45.8 
 
 
4.29 
Contractor monitoring of 
subcontractors work  
 
0.0 
 
0.0 
 
4.2 
 
20.8 
 
29.2 
 
45.8 
 
4.17 
Prompt issuance of 
instructions  
 
4.2 
 
4.2 
 
0.0 
 
4.2 
 
41.7 
 
45.8 
 
4.13 
Prompt payment of interim 
certificates and payments  
 
0.0 
 
4.2 
 
9.3 
 
8.3 
 
37.5 
 
41.7 
 
4.04 
Testing of concrete strength 
regarding ascertaining of it‟s 
strength against rework 
 
 
0.0 
 
 
0.0 
 
 
4.2 
 
 
20.8 
 
 
41.7 
 
 
33.3 
 
 
4.04 
Contractor and consultant  
checking quality of 
materials supplied as they 
arrive on site, and carry out 
steel test  
 
 
 
 
0.0 
 
 
 
 
0.0 
 
 
 
 
8.3 
 
 
 
 
16.7 
 
 
 
 
45.8 
 
 
 
 
29.2 
 
 
 
 
3.96 
Briefing / Design stage  
Adequate briefing by the 
client  
 
0.0 
 
0.0 
 
8.3 
 
12.5 
 
25.0 
 
54.2 
 
4.50 
 
 
 
 
 
 
 
2 
Accurate coordination of 
design  
 
0.0 
 
4.2 
 
0.0 
 
12.5 
 
33.3 
 
50.0 
 
4.25 
Reviewing constructability 
of design  at design stage  
 
0.0 
 
0.0 
 
4.2 
 
16.7 
 
45.8 
 
33.3 
 
4.08 
Well defined functionality of 
design  
 
0.0 
 
0.0 
 
12.5 
 
20,8 
 
33.3 
 
33.3 
 
3.88 
Adequate estimation of 
project cost  
 
0.0 
 
0.0 
 
8.3 
 
29.2 
 
33.3 
 
29.2 
 
3.83 
Ascertaining client financial 
capability  
 
0.0 
 
4.2 
 
4.2 
 
29.2 
 
33.3 
 
29.2 
 
3.79 
Lack of dimension 
ambiguity  
 
0.0 
 
0.0 
 
20.8 
 
20.8 
 
33.3 
 
25.0 
 
3.63 
Built environment tertiary 
education 
 
Operational planning (work 
planning) relative to each 
discipline 
 
 
0.0 
 
 
0.0 
 
 
12.5 
 
 
8.3 
 
 
45.8 
 
 
33.3 
 
 
4.00 
 
 
 
3 
Quality management 
competencies 
 
0.0 
 
0.0 
 
8.3 
 
25.0 
 
29.2 
 
37.5 
 
3.96 
Design management 0.0 0.0 12.5 8.3 45.8 33.3 3.88 
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Generic management 0.0 4.2 8.3 25.0 41.7 20.8 3.67 
Testing of installation 
before handing over: 
 
Testing mechanical 
(plumbing) installation  
 
4.2 
 
0.0 
 
0.0 
 
20.8 
 
37.5 
 
37.5 
 
4.00 
 
 
 
 
4 
Testing electrical installation  4.2 0.0 4.2 16.7 37.5 37.5 3.96 
Ascertaining the 
functionality of windows 
fixed  
 
 
4.2 
 
 
4.2 
 
 
12.5 
 
 
25.0 
 
 
37.5 
 
 
16.7 
 
 
3.38 
Checking roof for leakages  4.2 4.2 4.2 33.5 37.5 16.7 3.46 
Checking drains / spouts 
against blockage  
 
4.2 
 
0.0 
 
25.0 
 
12.5 
 
37.5 
 
20.8 
 
3.42 
Tendering stage:  
Inclusion of work schedule 
in tender document by 
contractor 
 
 
0.0 
 
 
4.2 
 
 
8.3 
 
 
25.0 
 
 
41.7 
 
 
20.8 
 
 
3.67 
 
 
 
 
 
5 
Inclusion of plant and 
equipment schedule in 
tender documents  
 
 
4.2 
 
 
0.0 
 
 
8.3 
 
 
33.3 
 
 
41.7 
 
 
12.5 
 
 
3.46 
Inclusion of  human 
resource schedule in tender 
document by contractor  
 
 
4.2 
 
 
0.0 
 
 
12.5 
 
 
33.3 
 
 
33.3 
 
 
16.7 
 
 
3.42 
Inclusion of quality 
assurance plan in tender 
document by contractor  
 
 
4.2 
 
 
0.0 
 
 
12.5 
 
 
41.7 
 
 
25.0 
 
 
16.7 
 
 
3.33 
Pre-qualification of 
contractors / sub 
contractors: 
 
Ascertaining the financial 
capability of contractors  
 
0.0 
 
0.0 
 
4.2 
 
16.7 
 
33.3 
 
45.8 
 
4.21 
 
 
 
 
 
 
6 
Ascertaining past record of 
contractor  
 
4.2 
 
0.0 
 
8.3 
 
8.3 
 
45.8 
 
33.3 
 
3.92 
Ascertaining contractor‟s 
health and safety plan 
considered  
 
 
4.2 
 
 
0.0 
 
 
15.5 
 
 
25.0 
 
 
37.5 
 
 
20.8 
 
 
3.50 
Verification of quality 
assurance plan of the 
contractor 
 
 
0.0 
 
 
8.3 
 
 
16.7 
 
 
29.2 
 
 
29.2 
 
 
16.7 
 
 
3.29 
Verification of equipment, 
plant and tool contribute 
 
4.2 
 
4.2 
 
29.2 
 
41.7 
 
12.5 
 
8.3 
 
2.79 
Pre-qualification of 
suppliers: 
 
Ascertaining the financial         
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capability of suppliers  16.7 8.3 20.8  12.5 25.0 16.7 2.71  
 
 
 
 
7 
Accessing the past record 
of supplier  
 
16.7 
 
8.3 
 
20.8 
 
16.7 
 
29.2 
 
8.3 
 
2.58 
Ascertaining the 
educational qualification of 
supplier regarding materials 
performance knowledge 
 
 
 
20.8 
 
 
 
12.5 
 
 
 
12.5 
 
 
 
29.2 
 
 
 
16.7 
 
 
 
8.3 
 
 
 
2.33 
Owned assets of supplier 
such as light delivery 
vehicles  
 
 
16.7 
 
 
12.5 
 
 
16.7 
 
 
37.5 
 
 
8.3 
 
 
8.3 
 
 
2.33 
 
The most important interventions to minimise or eliminate delays in the delivery of 
projects are those interventions suggested at the construction stage. At this stage all the 
interventions proposed with the exception of one, have MSs > 4.00. The factor that has 
a MS < 4.00 is the contractor and consultant‟s inspection of quality of materials on site 
as they arrive, and also conducting steel strength test (MS = 3.96). Although this MS is 
lower than the others that are in the category, it is nonetheless higher than the MSs of 
most factors in other interventions‟ categories. Briefing / Design stage category of 
interventions is second in ranking, followed by built environment tertiary education; 
testing of installations before handing over; tendering stage interventions; pre-
qualification of contractor and subcontractor, and pre-qualification of suppliers.  
Arguably, if pre-qualification of contractors and subcontractors (the only screening done 
to select the best constructor) could be rated the second to the last option in the chain 
of intervention categories, the judgement of the respondents may be deemed 
inappropriate. The same idea applies to the intervention category „pre-qualification of 
suppliers‟. 
Table 6.4: Ranking of mean scores according to interventions categories  
Intervention category MS Rank 
Construction stage  4.19 1 
Briefing / Design stage 3.96 2 
Built environment tertiary education  3.88 3 
Testing of installation before handing over  3.64 4 
Tendering stage 3.57 5 
Pre-qualification of contractors / subcontractors 3.55 6 
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Pre-qualification of suppliers 2.49 7 
 
Grouping of intervention categories 
In order to enable the grouping of intervention categories as presented in Table 5.31, a  
t – test was conducted to determine the statistical significance between intervention 
categories. A 5% significance level was used α = 0.05, and p < 0.05. The result is 
presented in Table 6.5. 
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Table 6.5: Ranking of factors categories in importance level according to the mean percentage delay (n = 24) 
Importance 
level Rank 
Factor 
category 
Mean Std. 
Dev. 
Minimum Quartile 
1 
Median Quartile 
3 
Maximum 
Most 
1 
Construction 
stage 4.21 0.49 3.13 3.84 4.38 4.53 5.00 
 
 
 
 
 
 
Less 
2 
Briefing / 
design stage 3.96 0.69 2.29 3.57 4.29 4.43 5.00 
3 
Built 
environment 
tertiary 
education 3.88 0.90 2.00 3.19 4.13 4.56 5.00 
4 
Testing of 
installation 
stage 3.64 1.12 0.00 3.00 4.00 4.40 5.00 
5 
Tendering 
stage 3.57 0.76 1.80 3.20 3.70 4.00 5.00 
6 
Pre-
qualification 
contractors / 
sub-
contractors 3.55 0.80 0.60 3.20 3.80 4.00 4.80 
Least 
7 
Pre-
qualification 
of suppliers 2.49 1.53 0.00 1.38 2.63 3.75 4.75 
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Table 6.4 and 6.5 presents the MSs of interventions categories, and their ranking in 
terms of importance level. It is notable that only interventions category ‟construction 
stage‟ (MS = 4.21) has a MS > 4.20 ≤ 5.00, which indicates that the intervention 
category has between a near major to major / major influence on project delivery time. 
This intervention category is ranked as the most important.  
There are five intervention categories that fall into the second importance range, which 
is less important. These interventions categories and their MSs are: briefing / design 
stage (MS = 3.96); built environment tertiary education (MS = 3.88); testing of 
installations (MS = 3.64); tendering stage (MS = 3.57), and pre-qualification of 
contractors (MS = 3.55). These intervention categories fall within the MSs > 3.40 ≤ 4.20, 
which suggest that the interventions have a moderate influence to a near major / near 
major influence in minimising delay.   
One category of factors falls into the least important range, which is pre-qualification of 
suppliers with a MS of 2.49. It falls within the range > 1.80 ≤ 2.60, which indicates that 
respondents can be deemed to be of the opinion that these interventions have between 
a minor to near minor influence / near minor influence on project delivery time.  
The significance of in-between difference test was conducted. The results are depicted 
in Table 6.6:
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Table 6.6: The significance of mean difference among the seven factor categories 
Factor 
grouping 
a 
Factor 
grouping 
b 
 
Factor grouping a 
 
 
Factor grouping b 
 
Difference 
In 
MS 
Significance 
t – test: Ho: µa = µb Practical 
MS SD MS SD t- statistic p - value Cohen’s d 
F5 
F1 
F1 
F1 
F7 
F6 
4.21 
3.96 
3.96 
0.49 
0.69 
0.69 
3.96 
3.88 
3.64 
0.69 
0.90 
1.12 
0.26 
0.08 
0.32 
2.13 
0.51 
1.71 
.037 
.608 
.091 
0.43 
n.a. 
n.a. 
F1 
F4 
F4 
F2 
3.96 
3.57 
0.69 
0.76 
3.57 
3.55 
0.76 
0.80 
0.39 
0.02 
2.65 
0.10 
.010 
.917 
0.54 
n.a. 
F2 F3 3.55 0.80 2.49 1.53 1.06 4.46 .000 0.91 
 
 
Statistical significance (if p < .05) 
Practical significance (if d > 0.20), only if p < .050. N = 24 
F1 = Briefing / Design stage; F2 = Pre-qualification of contractors / subcontractors; F3 = Pre-qualification of suppliers; F4 
= Tendering stage; F5 = construction stage; F6 = Testing of installation before handing over, and F7 = Built environment 
tertiary education. 
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From the result presented in Table 6.6, it can be concluded that there is no significant 
difference in the mean between the interventions category at the construction stage and 
the following intervention categories: 
 Briefing / design stage; 
 Built environment tertiary education, and  
 Testing of installation before handing over. 
There is no significant difference in the mean between intervention categories of 
tendering stage and the pre-qualification of contractors / subcontractors. 
There is a significant difference in the mean between the intervention category of the 
pre-qualification of contractors / subcontractors and the pre-qualification of suppliers. 
This implies that their ability to minimise delays on projects significantly differs. 
The intervention categories, which are in the same group, and have no significant 
difference in mean, have the same practical influence on the elimination of delays in the 
delivery of projects. 
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CHAPTER SEVEN: SUMMARY OF FINDINGS, CONCLUSIONS AND 
RECOMMENDATIONS 
7.1 Summary of findings 
Table 7.1 presents factor categories (problems) influences based upon their average 
mean scores. From Table 7.1 it can be concluded that the critical path method of 
planning employed in the planning and control of activities positively impacts on project 
delivery time in South Africa, probably as a result of its capacity to identify key 
construction activities of a project. 
Table 7.1 Ranking of problems (factor categories) influences by their average 
                  mean score on project delivery 
 
Factor category 
 
Mean score 
 
Ranking 
Construction planning and control techniques  3.98 1 
Management style 3.92 2 
Economic policy  3.76 3 
The quality of management during construction  3.73 4 
Site access conditions  3.54 5 
Site ground conditions  3.49 6 
Motivation of workers 3.40 7 
Constructability of designs  3.37 8 
Socio-political conditions  3.16 9 
Client understanding of the design, procurement, and 
construction processes  
 
3.12 
 
10 
The quality of management during design  3.06 11 
Physical environmental conditions  2.87 12 
Table 7.1 indicates that the categories of factors ranked from 1 to 8 are construction-
related. These can be referred to as construction-related factors:  
 Construction planning and control techniques; 
 Management style; 
 Economic policy; 
 Quality of management during construction; 
 Site access conditions; 
 Site ground conditions; 
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 Motivation of workers, and  
 Constructability of design. 
The next grouping is socio-political factors, which can be referred to as political factors. 
Client understanding of the design, procurement, and construction processes can be 
grouped into the client-related factors. 
The quality of management during design can be grouped into design-related factors, 
while the physical environmental conditions can be grouped into the physical 
environment factors. 
7. 2 Conclusions relative to questionnaire phase one 
 Based upon the factor analysis conducted, it can be concluded that all factors 
identified for each sub-problem adequately describe the sub-problems by the 
value of the loadings obtained for each category of sub-problems, which were 
greater than 0.60 in all cases; 
 The planning and control techniques in the form of CPM employed for the 
realisation of projects in South Africa positively affects delivery time. The most 
likely reasons for this problem are the fact that the planning tool has a lot of 
advantages over the bar chart;  
 The lack of motivation of workers negatively influences productivity and has a 
resultant effect on project delivery time; 
 Economic aspects such as interest rates, inflation, materials and plant availability 
negatively affect construction project delivery time; 
 The quality of management during construction such as the level of supervision, 
activity sequencing and ineffective coordination of resources negatively affects 
completion time of projects; 
 Site access conditions in term of congestion negatively affect projects delivery 
time; 
 Site ground conditions such as a high water table and underground discovery 
negatively affect construction speed, in turn affecting delivery time; 
 Lack of constructability review of designs negatively affects project delivery time. 
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 Socio-political conditions such as strikes and riots negatively affect project 
delivery time; 
 The quality of management during design has a great influence on construction 
processes and project delivery time, and 
 Physical environmental conditions such as rainfall, high and low temperatures 
negatively affect delivery time of projects. 
7.3 Conclusions relative to the hypotheses 
7.3.1 First hypothesis 
Client understanding of design, procurement and construction processes does not 
significantly affect project delivery time. The factors associated with this problem 
indicate that they do not support the hypothesis. It can be argued that, based upon the 
result, respondents are of the opinion that clients‟ lapses are mitigated by the 
experience of the consultants and contractors. 
7.3.2 Second hypothesis 
The quality of management during design does not significantly influence project 
delivery time. From the result of the test, it is indicated that factors identified in this 
category do not support the hypothesis. The reason that could be attributed to this is 
that there are complex computer-aided design packages which are available and 
require a good working knowledge and considerable familiarisation for their use. These 
assist in the production of faultless design and minimise the impact of faulty design on 
project delivery time. 
7.3.3 Third hypothesis 
The quality of management during construction does significantly influence project 
delivery time. The result of the analysis revealed that effective coordination of 
resources, developing an appropriate organisational structure to maintain workflow, 
analysing of work sequencing to achieve and maintain workflow and forecasted planned 
date (activity duration and resource quantity required) were the factors, inter alia, that 
contributed to the hypothesis being supported. It is important to note that all factors that 
describe this problem significantly support the hypothesis. Based upon the fact that 
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construction activities are becoming more complex in nature and entail a series of 
events, a slip in activity sequencing could be problematic and could lead to a delay in 
the delivery of the project. 
7.3.4 Fourth hypothesis 
The lack of constructability reviews of design does significantly affect project delivery 
time. The constructability review of design factors that significantly support this 
hypothesis are the appropriateness of design tolerance, the extent of modular 
dimensions in design, the extent of grouping work simultaneously, the effective 
constructability review and a knowledge of performance of materials. It should be noted 
that all the factors identified with constructability of design significantly support the 
hypothesis.  
7.3.5 Fifth hypothesis 
The techniques used for planning and control do significantly influence project delivery 
time. The two planning and control tools identified, namely CPM and the bar chart, 
significantly support the hypothesis.  
7.3.6 Sixth hypothesis 
The management style employed in the delivery of the project does significantly 
influence project delivery time. The following factors are good indicators of the effect of 
management style on project delivery: setting time lines; specifying specific goals 
people are to achieve, and providing specific direction.  Regarding all the factors 
associated with managers‟ management style, there are no poor indicating factors. 
7.3.7 Seventh hypothesis 
The lack of motivation of workers does significantly influence project delivery time. The 
result of the analysis revealed that the important aspects relative to motivating workers 
are a sense of belonging and identification with the project team, job security, an 
opportunity to extend skills and experience, recognition (monitoring or kudos) of 
contribution, opportunity for career advancement and achievement from meeting 
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complex challenges. There are two factors that can be classified as poor indicators of 
motivating workers. They are exercise of power and paying an allowance. 
7.3.8 Eighth hypothesis 
Poor site ground conditions do significantly influence project delivery time. It is important 
to know that all factors associated with site ground conditions significantly support the 
hypothesis. Among them are a high water table, the discovery of underground service 
ducts and the low structural strength of site ground soil. 
7.3.9 Ninth hypothesis 
Poor site access conditions do significantly influence project duration negatively. The 
entire associated factors identified describing site access conditions significantly 
support the hypothesis. These include congestion at entry / exit point to a site, a lack of 
proximity of the site to the required resources, restrictive working hours, and storage 
spaces at upper levels. 
7.3.10 Tenth hypothesis 
The physical environmental conditions in South Africa do not have any influence on 
project delivery time. From the result of the analysis it is indicated that the associated 
factors identified as describing physical environmental conditions in South Africa such 
as ambient noise and light; do not significantly influence project delivery time. This may 
be attributable to the low rainfall and humid weather conditions that prevail in the 
country.  
7.3.11 Eleventh hypothesis 
The economic policies do significantly influence project delivery time in the South 
African construction industry. The factors that strongly support this hypothesis are: 
insolvencies and bankruptcy of either the client or the contractor; a lack of materials and 
equipment; trade / operative availability; supervision / management of staff availability, 
and the indirect impact of interest rates / inflation. 
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7.3.12 Twelfth hypothesis 
The socio-political conditions in South Africa do not significantly affect project delivery 
time. Based upon the result of the analysis, it indicates that two of the three factors 
associated with socio-political conditions - civil strife or riots, and influence of protest 
action groups -  do support the hypothesis but disruption due to environmental concerns 
(floods, fire and noise) do not support the hypothesis. This may be as a result of 
incessant strike by construction workers. 
7.4 Conclusion relative to question 27 in Phase one questionnaire 
It was found that the twelve parameters in question 27 could lead to a delay of 35.3% 
on project delivery according to the perceptions of respondents (Table 5.30). 
The parameter that has the highest percentage influence on project delivery time is the 
quality of management during construction 
Table 7.2: Comparison of top ten most significantly influencing factors in South 
                   Africa  
Factor Rank 1 
(2000) 
2 
(2003) 
3 
(2004) 
4 
(2006) 
5 
(2006) 
Set time lines 1      
Materials 
availability 
 
2 
  
A 
  
A 
 
A 
Critical path 
methods 
 
3 
  
A 
   
A 
Specified goals 
people are to 
accomplish 
 
 
4 
   
 
A 
  
Required regular 
reporting on 
progress 
 
 
5 
     
Provided specific 
direction 
 
6 
    
A 
 
Involved team 
members through 
discussion of work 
 
 
7 
    
 
A 
 
Effectively 
coordinating 
resources 
 
 
8 
   
 
A 
  
 
A 
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Equipment 
availability 
 
9 
  
A 
   
Bar chart 10  A   A 
Africa with similar studies in other countries (Table 2.1) 
 
A = Applicable; 1= Malaysia; 2 = Ghana; 3 = Vietnam; 4 = United Arab Emirates, and 5 
= Saudi Arabia. The year in the columns indicates the year study was undertaken. 
 
Table 7.2 reveals that materials availability is the most frequently occurring problem that 
leads to delay in the majority of the countries. This is followed by inadequate planning 
methods (critical path and bar chart) and ineffective coordination of resources. Other 
significant factors are: specified goals people are to accomplish; providing specific 
direction; involving team members through discussion of work, and equipment 
availability. 
In summary, project delivery delays are encountered on projects as a result of poor 
performance. 
7.5 Conclusions relative to regression analysis 
Based upon the regression analysis conducted in both questionnaire phase one and 
two, the equation for predicting the actual construction time based upon the initial and 
final project delivery time is given as: 
 For the Phase one study: 
o Y = 9.9 + 1.0586x 
 For the Phase two study: 
o Y = 13.1159 + 1.1341x 
The difference between the two equations is not statistically significant. Therefore, the 
equation from the second questionnaire survey is suggested for use. 
7.6 Conclusions relative to respondents’ comments 
The comments of respondents were collated and analysed using percentages and were 
later ranked according to the factor with the highest percentage. 
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The most frequent cause of delays on project delivery is late payment to contractors 
(35.9%). This is followed by contractors‟ incompetence (18.9%) and contractors‟ cash 
flow problems (17.2%). These are the top three causes of delays in project delivery in 
South Africa. There is one factor with a percentage frequency above 5%. It is changes 
by clients in design (6.2%).  The other sixteen factors identified by respondents as 
cause of delay in the South African construction industry have a percentage frequency 
below 5%. 
7.7  Conclusions relative to validation of the model 
The most important category of interventions is that of the construction stage. The 
interventions at the construction stage have an average MS of 4.19. 
The MS of 4.19 falls within the range > 3.40 ≤ 4.20. Respondents can be deemed to be 
of the opinion that the interventions relative to this intervention category have between a 
moderate influence to near major / near major influence on the delivery of projects on 
time. It also indicates that respondents are of the opinion that the interventions at the 
construction stage could eliminate delays in project delivery. The interventions that have 
a major influence in this category are weekly / monthly meetings with key staff / sub-
contractor (MS = 4.42); planning work two weeks before it takes place (MS = 4.22); 
planning activities that weather could affect (MS = 4.29); prompt inspection and 
approval of work by a consultant (MS = 4.29); contractor monitoring of subcontractors‟ 
work (MS = 4.17); prompt issuance of instructions (MS = 4.13), as well as concrete 
cube and steel tests  (MS = 4.04).  
Based upon the average MSs of interventions categories (Table 5.36), it can be 
concluded that respondents deemed all interventions proposed at each stage of 
construction to have between a moderate influence to a near major / near major 
influence on the delivery of projects in South Africa. 
The only category of interventions that falls outside the abovementioned range is the 
pre-qualification of suppliers (MS = 2.49), which has between a minor to near minor 
influence / near minor influence on eliminating delays on projects. 
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However, it could be argued that interventions at the construction stage are deemed as 
most effective by the respondents for the elimination of delays on project delivery time. 
The requirements suggested for contract documentation as interventions at both the 
pre-qualification of contractors / subcontractors and suppliers stage are in place, 
required for facilitating the smooth flow of activities during construction are ranked sixth 
and seventh. This amplifies the importance of the interventions at both the pre-
qualification of contractors / subcontractors and suppliers categories. 
From the foregoing, it can be concluded that interventions at all stages of construction 
proposed in the model are important for the realisation of projects on time. 
7.8 Recommendations 
The recommendations for this study are divided into two, namely recommendations 
emanating from the questionnaires (Phase 1 and 2) and the validation of the model 
conclusions.   
7.8.1 Recommendations from questionnaires 
 Clients should evaluate the quality performance of contractors before awarding a 
contract. Yasamis et al. (2002) propose a model for evaluating contractors‟ 
quality performance (Figure 7.1). This model is recommended for evaluating 
contractors‟ quality performance in South Africa. The benefit of this is a 
motivation for contractors to improve and document their quality management in 
order to be competitive and maintain a continuous flow of business; 
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 Figure 7.1: Contractor quality performance (CQP) evaluation model   
                                   (Yasamis et al., 2002)   
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 The evaluation of contractors‟ technical and financial performance. This will result 
in a better understanding of the contractors‟ overall capabilities. The hiring of a 
materials manager to independently supervise and monitor the progress of the 
construction work will contribute significantly to on-time delivery of materials to 
sites. This is only applicable to large projects; 
 The construction industry should provide quality management guide lines and 
should be enforced by consultant on projects. Stakeholders should be committed 
to quality management, designers included. Designers‟ quality management 
should focus on the following: 
o Committed to providing a quality service; 
o Production of correct and complete drawings and specifications; 
o Coordinating and checking of design documentation; 
o Conducting design verification through design analysis reviews, and 
o Conducting constructability reviews. 
 The regression equation for estimating the final delivery time of projects in the 
South African construction industry is recommended for use. It is given as: 
o Y = 13.1159 + 1.1341x, and 
o Based upon the minimum percentage of delay the twelve parameters of 
study could contribute (35.3%). The difference between the results that 
will be obtained when using the regression equation to estimate final time 
of project is not significant. Therefore both are recommended for use, 
depending on the initiative of the user; 
 Clients should set aside the funding that is required for the completion of the 
project long before the contract is placed; 
 Contractors classified as incompetent should be identified for training. In order to 
promote the concept of empowerment of all, they should be trained through 
workshops on the various construction methods and contract administration. This 
will ensure the maintenance of a high standard of construction products and 
competitiveness of the contractors; 
 Adequate motivation should be given to workers; 
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 Soil investigation and testing should be conducted by clients prior to the 
commencement of a project. This will assist in the designing of foundations for 
structures and reveal the features of the site ground conditions. In addition, it will 
enhance the smooth flow of construction activities, and 
 Loans should be made accessible. Stringent conditions should be removed and 
interest rates lowered. Clients that default in terms of payment due to contractors 
should be made to pay additional money that accrues above the initial interest 
value of the loan to the contractors in situations where contractors have obtained 
loans to finance the project. 
7.8.2 Recommendations from the validation of the model 
 The following courses / modules are recommended for inclusion in built 
environment tertiary education programmes for all disciplines. They are: 
o Quality management ; 
o Operational planning; 
o Design management, and  
o Generic management; 
 The pre-qualification of suppliers is suggested. A brief description of criteria for 
use during pre-qualification are: 
o Assessing the past records of the suppliers; 
o Ascertaining the financial capability of supplies; 
o Ascertaining the educational qualification of suppliers regarding their 
materials performance knowledge, and  
o Owned assets, such as light delivery trucks; 
 At the brief / design stage, attention should be given to: 
o Adequate briefing; 
o Confirmation of client financial capability, and 
o Design quality assurance / constructability reviews; 
 At the construction stage, consideration of the following interventions will assist in 
eliminating delays on projects: 
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o Adequate planning / resource management (human, materials and 
machines); 
o Work schedules, and 
o Monitoring of subcontractors‟ work, and prompt payment of interim 
certificates, and 
 At the tendering stage the following should be made part of the tender 
documents. These include: 
o Pre-tender programme; 
o Primary materials; 
o Method statement; 
o Site layout; 
o Subcontractor schedule; 
o Human resource schedule; 
o Plant and equipment schedule, and 
o Quality plan and work schedule. 
7.8.3 Recommendations for further studies 
The following studies are recommended to be undertaken in South Africa:  
 A comparative study of the causes of delay on high and low rise projects; 
 A comparative study of the causes of delays on public and private projects, and  
 A comparative study of contributions to delay in the delivery of projects by 
professionals in the industry. 
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SUMMERSTRAND NORTH 
DEPARTMENT OF CONSTRUCTION MANAGEMENT 
Tel . +27 (0)41 504 2790   Fax. +27 (0)41 504 2345         
 john.smallwood@nmmu.ac.za 
 
04th August 2009 
 
 
Dear Madam / Sir 
Re: Influences on construction project delivery time 
The survey is part of a research project aimed at meeting the requirements for PhD 
(Construction Management) at the Nelson Mandela Metropolitan University, carried out 
to: 
 Determine the impact multi-stakeholder originated actions and influences on 
project delivery time performance; 
 Develop key performance indicators, and 
 Develop a model to reasonably estimate the completion period of projects in 
South Africa. 
 
Kindly complete the accompanying questionnaire and note that your anonymity is 
assured.  Solutions to delays experience on construction projects will be evolved from 
your response. We would be grateful if you would endeavour to complete the 
questionnaire and return it by 30th November 2009 to: 
 
Department of Construction Management  
Faculty of Engineering, the Built Environment, and Information Technology 
Nelson Mandela Metropolitan University 
PO Box 77000 
APPENDIX 1 
• PO Box 77000 • Nelson Mandela Metropolitan UniversityPort 
Elizabeth • 6031 •  South Africa •  www.nmmu.ac.za 
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Port Elizabeth 
6031 
or per facsimile to: (041) 504 2345 
 
Att: Prof JJ Smallwood / Mr OA Aiyetan 
 
Should you have any queries please do hesitate to contact Mr OA Aiyetan at 079 771 
4264 or per e-mail: oaiyetan@yahoo.com 
 
Thanking you in anticipation of your response. 
 
  
Mr Olatunji Aiyetan 
PhD (Construction Management) Candidate  
   
 
John Smallwood, PhD (Construction Management) 
Professor, and Head, Department of Construction Management 
Programme Director, MSc (Built Environment) Programme 
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QUESTIONNAIRE TYPE I 
Section 1: DEMOGRAPHIC DATA 
A  ORGANISATIONAL 
 
1. In what sector do you work? 
   Private sector      Public sector 
2. Location of Project: ………………………………………………………………….…… 
3. Name of organization: …………………………………………………………….……… 
4. Please indicate the actual number of years your organisation has been involved in      
                construction?  
 
 
 
B  PERSONAL 
5. Please indicate your gender 
   Female       Male 
6. Please indicate your age: 
  Under 25 years     41-50 years 
  25 - 30 years     Over 50 years 
  31 - 40 years 
 
7. Please indicate your highest formal qualification: 
 
Matric certificate  Honours Degree  
Diploma  Masters Degree  
Postgraduate Diploma  Doctoral Degree  
Bachelors Degree  Other (Please specify)  
B Tech  Other (Please specify)  
 
 
8. Kindly indicate from below the category of construction profession you belong to. 
Architect  Builder  Client  
Engineer  Quantity Surveyor  Construction Manager  
Project manager      
 
 
9. Please indicate your status in the organisation: 
 
MD / Managing member / Principal  Senior Staff  
Director / Senior executive  Supervisor  
Manager  Trainee / Intern  
Other (Please specify)    
 
 
 
 
10. Kindly indicate your actual years of experience in the building construction industry 
 ……………………………………………………………………………………………………………. 
 
11. Kindly indicate from below the type of facility being constructed. 
Residential  Parking garage  
Commercial - office  Industrial  
Commercial - retail  Institutional - Education  
Commercial - recreational  Institutional - Health  
Hotel/motel  Institutional – Other (state what function)  
 
12. Kindly indicate the number of floors the facility being constructed consists of: 
1 Floor    2 Floors   3 – 5 
Floors 
  6 – 10 
Floors 
 
          
 11 – 15 
Floors 
   16 – 20 
Floors 
   21 Floors and 
above 
 
 
SECTION 2: MAIN QUESTIONNAIRE 
13. PROJECT SCOPE DETAILS 
 13.1 
Project Scope in Monetary Value 
a) Initial cost 
b) Final cost 
a)  
 
b)  
 c)  
 13.2 Gross Floor Area in m2  
 
14. PRODUCTION DURATION 
14.1 Actual construction start date  
14.2 Final Completion Date  
14.3 Final Construction Period at Tender Award (in working days)  
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15. On a scale of 1 (minor) to 5 (major), rate clients’ understanding of design, procurement 
and construction processes as it influences project delivery time based on the following 
factors. (Please note the ‘unsure’ and ‘Does not’ options). 
 
 
 
 
16.. On a scale of 1 (minor) to 5 (major), rate these factors according to their contribution to 
delay in relation to quality management during design. (Please note the ‘unsure’ and ‘Does 
not’ options 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor……………..……Major  
 
1 2 3 4 5 
16.1 Conflicting design information U DN 1 2 3 4 5 
16.2 Timeless of revised drawings issue U DN 1 2 3 4 5 
16.3 Missing information U DN 1 2 3 4 5 
16.4 Dimensional inaccuracies U DN 1 2 3 4 5 
16.5 Expediting shop drawings U DN 1 2 3 4 5 
16.6 Other:_________________________
_______ 
 1 2 3 4 5 
16.7 Other:_________________________
_______ 
1 2 3 4 5 
 
 
 
 
 
17. On a scale of 1 (minor) to 5 (major), rate the influence these sub-factors of quality of 
management during construction according to your perception have on project delivery 
time. (Please note the ‘unsure’ and ‘Does not’ options). 
 
Factor.. 
 U
n
su
re
 
D
o
es
 n
o
t 
  
Minor………………………Major 
 1 2 3 4 5 
                17.1 Forecasted planning date, e.g. activity duration, 
resource quantities required, etc. 
U DN 1 2 3 4 5 
                17.2 Analysing construction methods U DN 1 2 3 4 5 
                17.3 Analysing resource movement to and on site U DN 1 2 3 4 5 
                17.4 Analysing of work sequencing  to achieve and 
maintain workflow 
U DN 1 2 3 4 5 
                 17.5 Monitoring and updating plans to appropriately 
reflect work status 
U DN 1 2 3 4 5 
                 17.6 Responding to recover from problems or taking 
advantage of opportunities presented 
U DN 1 2 3 4 5 
                 17.7 Effectively coordinating resources U DN 1 2 3 4 5 
                 17.8 Developing an appropriate organizational structure 
to maintain workflow 
U DN 1 2 3 4 5 
                 17.9 Other:____________________________________  1 2 3 4 55 
                17.10 Other:____________________________________ 1 2 3 4  
 
 
 
 
 
 
 
 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor …………………….Major 
1 2 3 4 5 
15.1 Understanding the project’s constraints U DN 1 2 3 4 5 
15.2 Ability to effectively brief the design team U DN 1 2 3 4 5 
15.3 Ability to contribute ideas to the design process U DN 1 2 3 4 5 
15.4 Ability to quickly make authoritative decisions U DN 1 2 3 4 5 
15.5 Stability of decisions U DN 1 2 3 4 5 
15.6 Ability to contribute ideas to the construction  
process 
U DN 1 2 3 4 5 
15.7 Other:_________________________________  1 2 3 4 5 
15.8 Other:_________________________________ 1 2 3 4 5 
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18. On a scale of 1 (minor) to 5 (major), please rate the extent of influence constructability sub-
factors have on the delivery time of project. (Please note the ‘unsure’ and ‘Does not’ 
options). 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor…....…………... Major 
 
1 2 3 4 5 
18.1 Scope of site fabrication U DN 1 2 3 4 5 
18.2 Complexity of off-site fabricated components U DN 1 2 3 4 5 
18.3 Appropriateness of design tolerances U DN 1 2 3 4 5 
18.4 Appropriateness of working space.  Its impact on 
smooth activity workflow and sequencing 
U DN 1 2 3 4 5 
18.5 Implication upon trade co-ordination’s U DN 1 2 3 4 5 
18.6 Impact of materials storage and movement U DN 1 2 3 4 5 
18.7 Extent of grouping simultaneous U DN 1 2 3 4 5 
18.8 Extent of modular dimensions in design U DN 1 2 3 4 5 
18.9 Knowledge of performance of materials and 
components 
U DN 1 2 3 4 5 
18.10 Effective constructability review of design U DN 1 2 3 4 5 
18.11 Participation in site inspection and control  U DN 1 2 3 4 5 
18.12 Other:__________________________________  1 2 3 4 5 
18.13 Other:__________________________________ 1 2 3 4 5 
 
 
19. On a scale of 1 (minor) to 5 (major), rate the extent of influence planning and control tools  
 havs on project’s delivery time. (Please note the ‘unsure’ and ‘Does not’ options). 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor……..…........…….Major  
 
1 2 3 4 5 
19.1 Critical path methods U DN 1 2 3 4 5 
19.2 Bar chart U DN 1 2 3 4 5 
19.3 Other_____________________________  1 2 3 4 5 
19.4 Other:_____________________________  1 2 3 4 5 
 
 
 
 
 
 
 
20. On a scale of 1 (minor) to 5 (major), rate the influence these sub-factors of management 
style contribute to project delivery time. (Please note the ‘unsure’ and ‘Does not’ options). 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
 
Minor……………………....Major 
 
1 2 3 4 5 
                20.1 Specified goals people are to accomplish U DN 1 2 3 4 5 
                20.2 Organized the work situation for people U DN 1 2 3 4 5 
                20.3 Set time lines U DN 1 2 3 4 5 
                20.4 Provided specific direction U DN 1 2 3 4 5 
                20.5 Required regular reporting on progress U DN 1 2 3 4 5 
                20.6 Provided support and encouragement U DN 1 2 3 4 5 
                20.7 Involved team members through discussion of 
work 
U DN 1 2 3 4 5 
                20.8 Sought people’s opinion and concerns U DN 1 2 3 4 5 
                20.9 Other:____________________________  1 2 3 4 5 
                20.10 Other:____________________________ 1 2 3 4 5 
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21. On a scale of 1 (minor) to 5 (major), rate the extent of contribution motivation sub-factors 
has on project delivery time. (Please note the ‘unsure’ and ‘Does not’ options). 
 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor…………………… Major  
 
1 2 3 4 5 
                21.1 Pay an allowance U DN 1 2 3 4 5 
                21.2 Achievement from meeting complex challenges U DN 1 2 3 4 5 
                21.3 Job security U DN 1 2 3 4 5 
                21.4 A sense of belonging and identification with the 
project team 
U DN 1 2 3 4 5 
                21.5 Recognition (monitoring or kudos) of 
contribution made 
U DN 1 2 3 4 5 
                21.6 Opportunity to extend skills and experience, i.e. 
learning 
U DN 1 2 3 4 5 
                21.7 Equitable rewards relative to other’s input to 
the project 
U DN 1 2 3 4 5 
                21.8 Exercise of power U DN 1 2 3 4 5 
                21.9 Opportunity for career advancement – i.e. for 
future benefit 
U DN 1 2 3 4 5 
                21.10 Other:_______________________________  1 2 3 4 5 
                21.11 Other:_______________________________ 1 2 3 4 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
22. On a scale of 1 (minor) to 5 (major), kindly rate the extent to which these sub-factors of site 
ground conditions influence project delivery time. (Please note the ‘unsure’ and ‘Does not’ 
options). 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor…….....……….….Major 
 
1 2 3 4 5 
                22.1 Nature of demolition work U DN 1 2 3 4 5 
                22.2 Nature of restoration work U DN 1 2 3 4 5 
                22.3 Structural stability of ground U DN 1 2 3 4 5 
                22.4 Extent of ground contamination U DN 1 2 3 4 5 
                22.5 Extent of archaeological finds U DN 1 2 3 4 5 
                22.6 Impact of water table U DN 1 2 3 4 5 
               22.7 Impact of underground services U DN 1 2 3 4 5 
                22.8 Impact of underpinning existing structure U DN 1 2 3 4 5 
                22.9 Other:________________________________  1 2 3 4 5 
                22.10 Other:________________________________ 1  3 4 5 
 
 
23. On a scale of 1 (minor) to 5 (major), kindly rate the extent to which these sub-factors of site 
access influence project delivery time. (Please note the ‘unsure’ and ‘Does not’ options). 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor…….......………….Major 
 
1 2 3 4 5 
                23.1 Proximity to required resources U DN 1 2 3 4 5 
                23.2 Access to site entry/exit points U DN 1 2 3 4 5 
                23.3 Congestion at site entry/exit points U DN 1 2 3 4 5 
                23.4 Storage space at or near ground level U DN 1 2 3 4 5 
                23..5 Storage space at upper levels U DN 1 2 3 4 5 
                23.6 Requirement for restrictive hours U DN 1 2 3 4 5 
                23.7 Other:________________________________  1 2 3 4 5 
                23.8 Other:________________________________ 1 2 3 4 5 
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24. On a scale of 1 (minor) to 5 (major), kindly rate the influence physical environmental 
factors contribution has on project delivery time according to your perception. (Please 
note the ‘unsure’ and ‘Does not’ options). 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor………...............………Major 
 
1 2 3 4 5 
24.1 Impact of natural hazards (fire, 
floods, etc) 
U DN 1 2 3 4 5 
24.2 Local weather patterns on site U DN 1 2 3 4 5 
24.3 Ambient noise conditions U DN 1 2 3 4 5 
24.4 Ambient light conditions U DN 1 2 3 4 5 
24.5 Other:______________________  1 2 3 4 5 
24.6 Other:______________________ 1 2 3 4 5 
 
 
25. On a scale of 1 (minor) to 5 (major), please rate the influence sub-factors of economic 
policy listed below, contributes to project delivery time. (Please note the ‘unsure’ and 
‘Does not’ options). 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
  
Minor…………………………………Major 
 
1 2 3 4 5 
                 
25.1 
Materials availability U DN 1 2 3 4 5 
                 
25.2 
Equipment availability U DN 1 2 3 4 5 
                 
25.3 
Trades/operatives availability U DN 1 2 3 4 5 
                 
25.4 
Supervision/management of staff 
availability 
U DN 1 2 3 4 5 
                 
13.5 
Indirect impact of interest 
rates/inflation 
U DN 1 2 3 4 5 
                 
25.6 
Insolvencies and bankruptcies  U DN 1 2 3 4 5 
                 
25.7 
Other:_____________________
_ 
 1 2 3 4 5 
                              
                 
25.8 
Other:_____________________
_
1 2 3 4 5 
 
26.   On a scale of 1 (minor) to 5 (major), please rate the extent of influence the sub-factors of 
socio-political conditions listed below have on project delivery time. (Please note the ‘unsure’ and 
‘Does not’ options) 
 
Factor 
U
n
su
re
 
D
o
es
 n
o
t 
 
 
Minor………………………Major                   
 
1 2 3 4 5 
               26.1 Civil strife or riots U DN 1 2 3 4 5 
               26.2 Influence of protest action groups U DN 1 2 3 4 5 
               26.3 Disruption due to environment concerns (floor, 
fire, noise) 
U DN 1 2 3 4 5 
               26.4 Other:________________________________  1 2 3 4 5 
               26.5 Other:________________________________ 1 2 3 4 5 
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27. Kindly indicate the number of the days or weeks that best describe delays caused by the 
following factors in the delivery of project. 
 
S/No 
 
Factors 
Day
s 
Weeks 
1 - 5 1 2 3 4 5 6 7 8 
O
th
e
r 
s
p
e
c
if
y
 
1 Quality of 
management 
during 
construction 
          
2 Constructability of 
design 
          
3 Motivation of staff           
4 Physical 
environmental 
considerations 
          
5 Design 
coordination 
          
6 Management 
techniques used 
for planning and 
control 
          
7 Site access           
8 Site ground 
conditions 
          
9 Management style           
10 Client 
understanding of 
the design, 
procurement and 
construction 
processes 
          
11 Economic policy           
12 Socio-political 
conditions 
          
13 State of the 
nation’s economy 
          
14 Other specify  
……………………. 
          
 
 
28 Do you have any comments in general regarding ways of reducing or eliminating delays on 
projects? 
………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………
…………………………………………………… 
 
 
 
 
Please record your details below to facilitate contacting you, in the event that a query should arise.  
Please note that the data provided in this questionnaire will be treated in the strictest confidence. 
 
ORGANISATION _________________________________________________ 
 
 
ADDRESS  _________________________________________________ 
 
  _________________________________________________ 
 
  _________________________________________________ 
 
  _________________________________________________ 
 
 
 
CONTACT PERSON _________________________________________________ 
 
PHONE  _________________________________________________ 
 
FAX  _________________________________________________ 
 
MOBILE  _________________________________________________ 
 
E-MAIL  _________________________________________________ 
 
 
Thank you for your contribution to efforts directed towards improving project delivery in South 
African construction. 
 
© April 2009 Mr A.O Aiyetan 
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         SUMMERSTRAND NORTH 
DEPARTMENT OF CONSTRUCTION MANAGEMENT 
Tel.  +27 (0)41 504 2790   Fax. +27 (0)41 504 2345 
                  john.smallwood@nmmu.ac.za 
 
30 September 2009 
Dear Madam / Sir 
 
Re: Influences on construction project delivery time 
 
This questionnaire is the second relative to this PhD (Construction Management) research project, 
conducted to: 
 Determine the impact in days multi-stakeholder originated actions and influences have on project 
delivery time performance, and 
 Develop a model to reasonably estimate the completion time of projects in South Africa. 
 
We would be grateful if you would complete the accompanying questionnaire.  Please note that your 
anonymity is assured.  Solutions to delays in contract period of projects will be assessed by your 
response and enhance the reliability of the research findings.   
 
We would be grateful if you would endeavour to complete the questionnaire and return it by 20
th
 October 
2009 to: 
 
Department of Construction Management 
NMMU 
PO Box 77000 
Port Elizabeth 
6031 
 
or per facsimile to: (041) 504 2345 
 
Att: Mr OA Aiyetan 
 
Should you have any queries please do not hesitate to contact Mr OA Aiyetan at 079 771 4264 or per e-
mail: oaiyetan@yahoo.com 
 
Thanking you in anticipation of your response. 
 
 
Mr Olatunji Aiyetan        
PhD (Construction Management) Candidate      
 
APPENDIX 2 
• PO Box 77000 • Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 • South Africa • www.nmmu.ac.za 
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Prof John Smallwood, PhD (Construction Management) Professor, and Head, Department of 
Construction Management 
Programme Director, MSc (Built Environment) Programme 
Promoter
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QUESTIONNAIRE TYPE II 
Section 1: DEMOGRAPHIC DATA 
A  ORGANISATIONAL 
1.1) In what sector do you work? 
   Private sector        Public sector 
1.2) Location of Project: …………………………………………………………………………… 
1.3) Name of organization: ………………………………………………………………………… 
1.4) Please indicate the actual number of years  your organisation has been involved in construction? 
   
 
 
B  PERSONAL 
2.1)  Please indicate your gender: 
   Female         Male 
2.2) Please indicate your age: 
  Under 25 years       41-50 years 
  25 - 30 years       Over 50 years 
  31 - 40 years 
 
2.3) Please indicate your highest formal qualification: 
 
Matric certificate  Honours Degree  
3-Year Diploma  Masters Degree  
Postgraduate Diploma  Doctoral Degree  
Bachelors Degree  Other (Please specify)  
B Tech  Other (Please specify)  
 
2.4) Kindly indicate from below the category of construction profession you belong to. 
 
Architect  Builder  Client  
Engineer  Quantity Surveyor    
Project Manager      
 
2.5) Please indicate your status in the organisation: 
 
MD / Managing member / Principal   Supervisor  
Director / Senior executive   Trainee / Intern  
Manager    
Other (Please specify)    
 
2.6) Kindly indicate your actual years of experience in the building construction industry: 
 
 
 
2.7) Kindly indicate from below the type of construction you have been involved in: 
 
Project End use Tick Project End Use Tick 
Residential  Parking garage  
Commercial - office  Industrial  
Commercial - retail  Institutional - Education  
Commercial - recreational  Institutional - Health  
Hotel/motel  Institutional – Other (state what function)  
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Phase II Questionnaire type  
Historical data on projects 
S/No Name  of project Location 
of project 
Type of project Initial contract 
time  
in 
weeks 
Final contract 
time  
in 
weeks 
Initial contract 
cost 
in 
R(M) 
Final contract 
cost 
in 
R(M) 
Reasons for delay 
Public private 
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Please record your details below to facilitate contacting you, in the event that a query should arise.  Please note that the data 
provided in this questionnaire will be treated in the strictest confidence. 
 
ORGANISATION _________________________________________________ 
 
 
ADDRESS  _________________________________________________ 
 
  _________________________________________________ 
 
  _________________________________________________ 
 
  _________________________________________________ 
 
 
 
CONTACT PERSON _________________________________________________ 
 
PHONE  _________________________________________________ 
 
FAX  _________________________________________________ 
 
MOBILE  _________________________________________________ 
 
E-MAIL  _________________________________________________ 
 
 
Thank you for your contribution to efforts directed towards improving project delivery in South African construction. 
 
© October 2009 Mr A.O Aiyetan 
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        SUMMERSTRAND NORTH 
DEPARTMENT OF CONSTRUCTION MANAGEMENT 
Tel.  +27 (0)41 504 2790   Fax. +27 (0)41 504 2345 
                  john.smallwood@nmmu.ac.za 
           
09 December 2009 
Dear Madam / Sir 
 
Validation of Project Delivery Time Model 
 
The attached „model‟ is the culmination of research into influences on project delivery time performance. 
 
This model has been developed with the view that, adhering to the details at each stage of project 
delivery, the time taken to deliver projects will not be extended. 
 
A two-page questionnaire to validate the above assertion is included below the model presented below. 
 
A survey of convenience has been adopted in the sampling and selection of respondents. Therefore, your 
response to the questionnaire will be highly valued. 
 
We would be grateful if you would endeavour to complete the questionnaire, and return it by 11
th
 January 
2010 to: 
 
Department of Construction Management 
NMMU 
PO Box 77000 
Port Elizabeth 
6031 
 
or per facsimile to: (041) 504 2345 
 
Att: Mr OA Aiyetan 
 
Should you have any queries please do not hesitate to contact Mr OA Aiyetan at 079 771 4264 or per e-
mail: oaiyetan@yahoo.com 
 
Thanking you in anticipation of your response. 
 
Mr Olatunji Aiyetan        
PhD (Construction Management) Candidate      
 
Prof John Smallwood, PhD (Construction Management) Professor, and Head, Department of 
Construction Management 
Programme Director, MSc (Built Environment) Programme 
Promoter
APPENDIX 3 
• PO Box 77000 • Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 • South Africa • www.nmmu.ac.za 
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On a scale of 1 (Minor) to 5 (Major), indicate the extent to which the following design, procurement, and 
construction interventions contribute to eliminating delays in the delivery of projects (Please note the 
‘unsure’ and ‘does not’ options). 
 
 
Intervention  Unsure 
Does 
not 
 
Minor …………………………………… Major 
  1 2 3 4 5 
1. Briefing / Design stage:  
1.1 Adequate briefing by the client  U DN 1 2 3 4 5 
1.2 Well defined functionality of design  U DN 1 2 3 4 5 
1.3 Accurate coordination of design  U DN 1 2 3 4 5 
1.4 Lack of dimension ambiguity  U DN 1 2 3 4 5 
1.5 Adequate estimation of project cost  U DN 1 2 3 4 5 
1.6 Ascertaining client financial capability  U DN 1 2 3 4 5 
1.7 Reviewing constructability of design  
at design stage  
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
2. Pre-qualification of contractors / 
subcontractors: 
 
2.1 Reviewing contractors‟ health and 
safety plans  
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
2.2 Verification of contractors‟ plant and 
equipment, tool contribution 
U 
DN 1 2 3 4 5 
2.3 Ascertaining past record of 
contractors  
U 
DN 1 2 3 4 5 
2.4 Ascertaining the financial capability of 
contractors  
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
2.5 Verification of quality assurance plan 
of the contractor 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
3. Pre-qualification of suppliers:  
3.1 Assessing the past record of 
suppliers  
U 
DN 1 2 3 4 5 
3.2 Ascertaining the financial capability of 
suppliers  
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
3.3 Ascertaining the educational 
qualification n of supplier regarding 
material performance knowledge   
 
U 
 
 
DN 
 
 
1 
 
 
2 
 
 
3 
 
 
4 
 
 
5 
3.4 Owned assets of suppliers such as 
light delivery vehicles 
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
4. Tendering stage:  
4.1 Inclusion of work schedule in tender 
documents by contractors 
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
4.2 Inclusion of  human resource 
schedule in tender documents by 
contractors  
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
4.3 Inclusion of plant and equipment 
schedule in tender documents   
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
4.4 Inclusion of quality assurance plan in 
tender documents by contractors  
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
5. Construction stage:  
5.1 Contractor and consultant checking 
quality of materials supplied as they 
arrive on site, and carry out steel test  
 
U 
 
 
DN 
 
 
1 
 
 
2 
 
 
3 
 
 
4 
 
 
5 
5.2 Contractor monitoring of 
subcontractors work  
U 
DN 1 2 3 4 5 
5.3 Weekly / monthly meeting with key        
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staff / subcontractors  U DN 1 2 3 4 5 
5.4 Planning ahead activities of work that 
weather could affect  
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
5.5 To what extent will planning work two 
weeks before it takes place contribute 
to eliminating delay in project delivery 
 
 
U 
 
 
DN 
 
 
1 
 
 
2 
 
 
3 
 
 
4 
 
 
5 
5.6 Prompt issuance of instructions  U DN 1 2 3 4 5 
5.7 Prompt payment of interim certificates 
and payments  
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
5.8 Prompt inspection and approval of 
work by consultants  
 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
5.9 Testing of concrete strength 
regarding ascertaining of it‟s strength 
against rework 
U 
 
DN 
 
1 
 
2 
 
3 
 
4 
 
5 
6. Testing of installation before 
handing over: 
 
6.1 Testing electrical installation  U DN 1 2 3 4 5 
6.2 Testing mechanical (plumbing) 
installation  
U 
DN 1 2 3 4 5 
6.3 Ascertaining the functionality of keys / 
locks  
U 
DN 1 2 3 4 5 
6.4 Ascertaining the functionality of 
windows  
U 
DN 1 2 3 4 5 
6.5 Checking drains / spouts for 
blockages  
U 
DN 1 2 3 4 5 
6.6 Checking for roof leaks  U DN 1 2 3 4 5 
7 Built environment tertiary education  
7.1 Quality management competencies U DN 1 2 3 4 5 
7.2 Operational planning (work planning) 
relative to each discipline U DN 1 2 3 4 5 
7.3 Design management U DN 1 2 3 4 5 
7.4 Generic management U DN 1 2 3 4 5 
 
 
 Please record your details below to facilitate contacting you, in the event that a query should arise. Please note that the 
data provided will be treated in the strictest confidence. 
 
 
    ORGANISATION _________________________________________________ 
 
 
    ADDRESS _________________________________________________ 
 
  _________________________________________________ 
 
  _________________________________________________ 
 
  _________________________________________________ 
 
   CONTACT PERSON _______________________________________________ 
 
   PHONE  _________________________________________________ 
 
   FAX  _________________________________________________ 
 
   MOBILE  _________________________________________________ 
 
   E-MAIL  _________________________________________________ 
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   Thank you for your contribution to efforts directed towards improving project delivery in South African construction. 
 
   © December 2009 Mr A.O Aiyetan 
Appendix 4 
Sample size as published by the National Education Association of South Africa 
N - n N - n N - n N - n N - n 
10 – 10 100 – 80 280 – 162 800 – 260 2800 – 338 
15 – 14 110 – 86 290 – 165 850 – 265 3000 – 341 
20 – 19 120 – 92 300 – 189 900 – 269 3500 – 346 
25 – 24 130 – 97 320 – 175 950 – 274 4000 – 351 
30 – 28 140 – 103 340 – 181 1000 – 278 4500 – 354 
35 – 32 150 – 108 360 – 186 1100 – 285 5000 – 357 
40 – 36 160 - 113 380 – 191 1200 – 291 6000 – 361 
45 – 40 170 – 118 400 – 196 1300 – 297 7000 – 364 
50 – 44 180 – 123 420 – 201 1400 – 302 8000 – 367 
55 – 48 190 – 127 440 – 205 1500 – 305 9000 – 368 
60 – 52 200 – 132 460 – 210 1600 – 310 10000 – 370 
65 – 56 210 – 136 480 – 241 1700 – 313 15000 – 375 
70 – 59 220 – 140 500 – 217 1800 – 317 20000 – 377 
75 – 63 230 – 144 550 – 226 1900 – 320 30000 – 379 
80 – 66 240 – 148 600 – 234 2000 – 322 40000 – 380 
85 – 70 250 – 152 650 – 242 2200 – 327 50000 – 381 
90 – 73 260 – 155 700 – 248 2400 – 331 75000 – 382 
95 - 76 270 - 159 750 - 254 2600 - 335 100000 - 384 
 
 
 
 
 
 
 
 
 
 
288 
 
 
